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(54) Liquid container, liquid supplying apparatus, and recording apparatus 



(57) In a configuration having an ink containing por- 
tion (1 0) which is defonnable at least in a part (1 1 ) there- 
of, a spring (40) for generating a required negative pres- 
sure in the container by exerting a force that expands 
the deformable part, and an air introducing section (16) 
for allowing air to be introduced in accordance with an 
increase in the negative pressure in the container to 
keep the negative pressure in an adequate range, a 
one-way valve (30) is used to prevent leakage of ink 
from a sealed containing space (S) containing ink to the 
outside and to allow introduction of air into the contain- 
ing space from the outside. As a result, there is provided 
an ink tank from which no Ink leaks out through the air 
introducing section thereof in any ambience for use or 
storage and which can maintain stable negative pres- 
sure characteristics regardless of the phase of the con- 
sumption of the liquid. 
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Description 

[0001] The present invention relates to a liquid container a liquid supplying apparatus, and a recording apparatus 
for supplying a liquid such as ink to a pen or recording head as a recording section, for example, in an efficient and 
stable manner, and to an ink jet cartridge. 

[0002] Ink jet recording apparatuses that fomn an image on a recording medium by applying ink that is a liquid to the 
recording medium using a liquid consuming or using apparatus such as an ink jet recording head include apparatus 
that form an image by ejecting ink while moving a recording head relative to a recording medium and apparatus that 
fomi an image by ejecting ink while moving a recording medium relative to a fixed recording head conversely. 
[0003] Methods of supplying ink to a recording head used in such an ink jet recording apparatus include a method 
referred to as on-can-iage method in which an ink tank is integrally or separably mounted to a recording head that is 
carried by a canriage to be moved back and forth (main scanning) and in which ink is directly supplied from the ink tank 
to the recording head. There is another method referred to as tube supply method in which an ink tank is fixed in a 
region of a recording apparatus other than a carriage as a body separate from a recording head carried by the carriage 
and in which ink is supplied by coupling the ink tank and the recording head through a flexible tube. The method 
includes a configuration in which a second ink tank to serve as an intemriediate tank (sub-tank) between an Ink tank 
(main tank) and a recording head is mounted on the recording head or a carriage and in which ink is directly supplied 
from the second ink tank to the recording head. 

[0004] According to those methods, an ink tank to supply inkto a recording head directly is provided with a mechanism 
for generating an adequate negative pressure in a range In which the negative pressure is in equilibrium with a pressure 
in the recording head to hold meniscuses fornied at an Ink ejecting section thereof to prevent the ink from leaking from 
the Ink ejecting section satisfactorily and in which an ink ejecting operation of the recording head can be performed. 
[0005] In a negative pressure generating mechanism of this type, a porous member such as a sponge that is Im- 
pregnated with ink to be held thereby is contained In an ink tank, and an adequate negative pressure Is generated by 
an ink holding capacity of the same. 

[0006] In another mechanism, a bag-shaped member formed from a material such as rubber having an elastic force 
and generating a tension in the direction of increasing the volume thereof is charged with Ink as it is, and the tension 
generated by the bag-shaped member exerts a negative pressure to the in therein . 

[0007] In still another mechanism, a bag-shaped member is fomied using a flexible film, and a spring for urging the 
film in the direction of increasing the volume of the bag-shaped member is bonded to the interior or exterior of the 
same to generate a negative pressure. 

[0008] In any of the above mechanisms, however, the negative pressure tends to increase as the amount of ink in 
the ink tank decreases, and it becomes impossible to supply ink to a recording head stably when the level of the 
negative pressure exceeds a predetemnined value. This results in a problem in that the Ink tank becomes unusable 
before the ink is completely used up. 

[0009] For example, there is Japanese Patent Application Publication No. 3-024900 (1 991 ) which discloses a stmc- 
ture of an ink tank of a type which is constituted by a flexible enclosed bag-shaped member that directly contains ink 
therein and that can be defonned according to the amount of contained ink and in which a spring member is provided 
In the bag-shaped member . Since the negative pressure is basically detennined such that the spring force and a force 
resulting from the negative pressure (or a difference between the atmospheric pressure and the negative pressure) 
are balanced with each other, the negative pressure in the bag-shaped member increases as the deformation of the 
spring proceeds with the defomriation of the bag-shaped member as a result of Ink consumption. This may result in a 
problem in that the negative pressure Increases beyond a proper range in which an ink ejecting operation of the re- 
cording head can be performed to prevent the formation adequate meniscuses at the ink ejecting section of the re- 
cording head or in that the Ink can not be satisfactorily supplied to the recording head. This also disallows the Ink to 
be used completely. 

[0010] Some Ink tanks have a configuration In which Ink is contained in a bag-shaped member, and the material and 
shape of which are appropriately selected to generate a negative pressure by the bag-shaped member itself and which 
becomes flat with no space left therein when the Ink is completely used up, but there are limitations on the shape of 
such a bag-shaped member. Therefore, when such an ink tank is configured to be contained In a box-like housing, the 
configuration of the bag-shaped member does not fit the interior of the housing completely even when it is charged 
with Ink, and the volumetric efficiency of the ink tank is low with respect to the entire space available therein. Such a 
bag-shaped member also has a problem in that its performance of supplying ink to a recording head can be reduced 
and in that it can make an ink ejecting operation of a recording head unstable when ink is neariy used up because of 
a high negative pressure. 

[001 1 ] Several mechanisms have been proposed as follows to prevent magnitude of a negative pressure being too 
much greater than the predetemnined level. 

[0012] For example, Japanese Patent Application Laid-open No. 7-125240 (1995) and Japanese Patent Application 
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Laid-open No. 7-125241 (1995) have disclosed mechanisms in which a hydrophobic film and a tubular vent port are 
provided in a tank, and a spherical body is disposed in the tube to introduce air into the tank when a negative pressure 
therein increases. That is, those publications have disclosed mechanisms which have a tubular vent port (boss) that 
establishes communication between the outside and inside of a container and in which spherical body having an outer 

5 diameter smaller than an inner diameter of the boss is attached to a plurality of projecting ribs provided on an inner 
wall of the boss to form a substantially annular orifice with the spherical body and the boss. The size of such an orifice 
is chosen such that a small amount of Ink is kept in the orifice as a liquid seal because of the capillarity of ink. The 
orifice is configured such that a negative pressure in the container overcomes the capillarity of ink to disable the liquid 
seal when it nearly reaches the limit of an operating range of the recording head. 

10 [0013] Japanese Patent Application Laid-open No. 6-183023 (1994) has disclosed a mechanism in which a plate- 
like member having a hole and a plate having a protrusion are provided in a face-to-face relationship in an ink bag 
constituted by a flexible sheet with a spring member disposed between the plates and in which the protrusion enters 
the hole when an internal negative pressure exceeds a predetermined value to separate the plate having the hole and 
the flexible sheet from each other, thereby introducing air in the tank. In this mechanism, the plate having the hole and 

IS the flexible sheet come into tight contact with each other after air is introduced, and leakage of ink is prevented by an 
ability for holding ink meniscuses or a liquid seal fomied between those elements. 

[0014] However, those methods require a plurality of parts in a region where air is introduced, and the structure of 
such a region has therefore become complicated. 

[0015] When a pressure in a container T having a certain amount of air introduced therein becomes extremely high 
20 as a result of an ambient change (a reduction of the atmospheric pressure or a temperature rise) as shown in Fig. 1 A, 
ink is pushed out from the container as shown in Fig. 1 B, which can result in leakage of ink through an ink ejection 
port N or a vent hole A when the container is used in an ink jet recording head. When a liquid Is contained In a bag- 
shaped member constituted by a flexible sheet, although expected is a certain degree of buffering effect that moderates 
an increase of a pressure therein by accommodating expansion of air which results In a pressure reduction, such an 
25 effect is limited. 

[0016] In the configuration disclosed in Japanese Patent Application Laid-open No. 7-125240 (1995) or Japanese 
Patent Application Laid-open No. 7-125241 (1 995), an enclosed system is established by balancing a force originating 
from ink meniscus fomied in the region of the annular orifice and a negative pressure provided by the spring. Although 
the mechanical configuration is relatively simple, it is insufficient in stability in maintaining the enclosed system. Spe- 

30 cifically, a problem arises in that contained ink can leak out because of breakage of a liquid seal that is attributable to 
various conditions such as a difference between air pressures inside and outside the container, a reduction of the 
viscosity of ink resulting from an increase in the temperature of ink, a shock or drop that occurs when the ink tank is 
handled alone, and acceleration that occurs during main scanning according to the serial recording method, in partic- 
ular. Further, a liquid seal is vulnerable to humidity changes such as drying: which causes variations in the operation 

35 of introducing air bubbles and consequently reduces the capability of supplying ink to a recording head and hence the 
quality of recording. 

[0017] It is assumed that the above publications have disclosed configurations in which an entrance maze serving 
as an overflow container and ensuring a humidity gradient is provided contiguously with a boss in order to prevent 
such problems, but the configurations become complicated accordingly. Further, since the other end of the channel in 

^0 the form of a maze is always in communication with the atmosphere, a certain degree of ink evaporation is unavoidable. 
[0018] When ink in the container is used up, outside air is abruptly introduced to eliminate the negative pressure in 
the container This can cause Ink remaining In the region of the recording head to leak out through the ejection port, 
and the residual ink can leak out through the annular orifice that no longer forms meniscus. 
[001 9] Further, in those examples of the related art, there is provided an opening section for directly introducing the 

45 atmosphere into an Ink tank. As a result, the quantity of gases in the ink tank becomes relatively great in a region in 
the ink tank where ink is nearly used up depending on the size and position of the opening section, which can result 
in incomplete holding of meniscuses at the ink ejection port or opening section when the negative pressure is eliminated 
as a result of introduction of the atmosphere and can therefore lead to leakage of Ink or Incomplete introduction of the 
atmosphere. 

50 [0020] In addition, breakage of a liquid seal can occur because of various conditions such as a difference between 
air pressures inside and outside the container, a temperature rise of drop, a shock or drop that occurs when the ink 
tank Is handled alone, and acceleration that occurs during main scanning according to the serial recording method, in 
particular. This results in a problem in that air can be introduced or ink can leak out conversely even when a pressure 
in the container has not reached a predetemnined value. Further, such conditions can vary depending on the designs 

55 of the recording head and ink tank or physical properties of ink, and a problem arises also In that designing must be 
adequately carried out in accordance with the shape and dimensions of the opening section and the basic configuration 
of the negative pressure generating mechanism depending on each mode of use. 

[0021] The above ink tank utilizing a liquid seal for introducing air-creates problems such as a reduction of freedom 
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in designing a recording apparatus in addition to problenns inherent in it as described above. 
[0022] Specifically. It is not easy to configure such a liquid seal section as an element separate from an ink tank by 
making it detachable from the ink tank, for example. In case that the liquid seal section is provided as a separate 
element, a complicated process or apparatus configuration will be required when attaching the element to an ink tank 
5 directly or connecting it to the ink tank indirectly through a tube In order to fonri preferable meniscus in an annular 
section as described above taking factors such as a difference between pressures insidie and outside the ink tank into 
consideration. 

[0023] When the liquid seal section is provided in a position apart from an ink tank with a tube interposed therebe- 
tween, the tube must be filled with ink to fonn meniscus at the liquid seal section. However, the Ink in the tube will be 
^0 retumed to the ink tank when air is introduced through the liquid seal section, and a complicated process or configuration 
will be required to refill the tube with ink thereafter as described above. 

[0024] The technique disclosed in the Japanese Patent Application Laid-open No. 6-1 83023 (1 994) employs a struc- 
ture in which air is introduced through a microscopic gap between a thin plate-like member and a flexible sheet. This 
has resulted in another problem in that a negative pressure becomes unstable when air Is introduced because the 

15 force for causing separation as described is changed by a capillary force that is generated when a liquid enters the gap. 
[0025] Further, in order to provide a sufficient buffering function, a member that has extremely low rigidity and that 
is easy to defomn is used as the flexible member for moderating an internal pressure of a container by substantially 
Increasing the volumetric capacity of the container through the deformation of the flexible member Itself when the 
pressure of a gas (air) in the container increases as a result of a temperature rise. 

20 [0026] However, since a material having low rigidity used as such a flexible member has a small thickness and 
exhibits high permeability against gases in general, it is likely to allow a gas to penetrate Into a container because of 
an osmotic pressure of the gas. This has resulted in the possibility of insufficient performance of the buffering function 
when a liquid is kept in the container for a long time because a gas (air) can penetrate into the container in a quantity 
that cannot be handled by the buffering function for absorbing expansion of the gas in the container. Therefore, it has 

25 been necessary to use a quite expensive material having a metal deposited thereon as the material of the flexible 
member in order to achieve low rigidity and a reduction in gas permeability at the same time. 
[0027] From the above, the inventors first found that it is undesirable to eliminate a negative pressure in a liquid 
container by introducing air into the container and that it is important to retum the pressure to a predetemiined negative 
pressure value. Further, the inventors consider that an appropriate amount of air must be introduced for this purpose. 

30 [0028] In particular, when a liquid container is used as an ink tank for directly supplying Into to an ink jet recording 
head, it is inevitable to supply ink at a stable rate of flow and In a stable amount to perfomi recording at a high speed 
with high quality. For this purpose, it is strongly desired to keep a substantially constant resistance in an ink supply 
channel against a flow of ink. Therefore, the stabilization of a negative pressure in an ink tank is an important factor 
and, more specifically, it is important to keep the negative pressure in a predetemiined range. For this purpose, a part 

55 for introducing air must operate with reliability. 

[0029] It is also important to allow a liquid to be contained in a container in a proper state by reducing opportunities 
when those members are subjected to an osmotic pressure of a gas to reduce penetration of the gas into the container 
and to allow the contained liquid to be supplied with stability. 

[0030] The invention has been made taking the above-described problems into consideration and achieves at least 

40 one of the following aims. 

[0031] In a configuration of a containing portion of a liquid (e.g., ink) to be supplied to the outside (e.g., a recording 
head) having a section for generating a required negative pressure and an air introducing section for keeping the 
negative pressure within a proper range by allowing air to be introduced into the containing section in accordance with 
an increase in a negative pressure therein as a result of the supply of the liquid, the invention makes it possible to 

45 prevent the liquid from leaking out though the air introducing section in any environment of use and storage and to 
maintain stable negative pressure characteristics regardless of the phase of consumption of the liquid. 
[0032] The invention provides a liquid container (such as an ink tank) in which introduction of outside air for main- 
taining a constant negative pressure in the liquid container is perfonned reliably at adequate timing to stabilize the 
negative pressure with higher reliability and in which leakage of a liquid through a liquid supply port is prevented even 

50 at an abrupt ambient change to avoid wasteful consumption of the liquid eventually, and the invention also provides a 
liquid-consuming apparatus (such as an Inkjet recording apparatus) utilizing the liquid container 
[0033] The invention provides an ink tank having a negative pressure adjusting mechanism with which problems 
inherent in ink tanks as described above utilizing a liquid seal can be solved and with which freedom in designing a 
recording apparatus can be improved, an ink jet recording head, an ink jet cartridge having the Ink jet recording head 

55 and the ink tank as Integral parts thereof, and an Ink jet recording apparatus. 

[0034] The invention provides a liquid container with a simple structure which absorbs changes in a negative pressure 
therein as a result of consumption of a liquid to stabilize the negative pressure, which prevents leakage of the liquid 
through a liquid supply port even at an abrupt ambient change, and which can be manufactured at a low cost, and the 
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invention provides a liquid-ejection recording apparatus utilizing the liquid container. 

[0035] The invention provides a liquid container a part of which is constituted by a flexible member and a member 
having high gas permeability, in which a liquid can be properly contained by reducing opportunities when those members 
are subjected to an osmotic pressure of a gas to reduce penetration of the gas into the container, and from which the 
5 contained liquid can be supplied with stability, the invention also providing a recording apparatus utilizing the same, 
[0036] In a first aspect of the invention, there is provided a liquid container comprising: 



a containing portion defining a containing space for liquid; 

a liquid supply portion provided with the containing portion and fomriing a liquid supply port for supplying liquid 

'io contained in the containing portion to the outside; 

a one-way vatve an'anged on the containing portion for allowing an introduction of gas into the containing space 

from outside, and preventing a leakage of liquid and gas to the outside; and 

a mechanism having a function for keeping or expanding a capacity of the containing space, wherein 

the one-way valve controls a negative pressure in the containing space caused by consumption of liquid in the 

^5 containing portion. 

[0037] Here, the mechanism may include a movable member equipped with at least a part of the containing portion 
displaceably or deformably, and an urging means for urging the movable member In a direction a capacity of the 
containing space increases. 

20 [0038] Further, the containing portion may have a deformabte flexible member In a part thereof as the movable 
member and is configured so that liquid Is present inside the flexible member contacting with the outside space. 
[0039] There is provided a liquid using apparatus connectable with the liquid container according to the first aspect 
and using liquid supplied from the containing space. 

[0040] Further, there is provided a recording apparatus comprising means using the liquid using apparatus having 
25 a configuration of recording head for performing a recording with ink supplied from the liquid container which contains 
Ink as the liquid. 

[0041] Still further, there is provided an ink jet head cartridge comprising: 



an ink jet head for ejecting ink; and 
30 a liquid container, according to the first aspect, for containing ink as the liquid to be supplied to the ink jet head. 
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[0042] In a second aspect of the invention, there is provided a liquid supplying method for supplying liquid to the 
outside from a containing portion defining a containing space for liquid through a supply port formed on the containing 
portion, comprising the steps of: 



providing a one-way valve for allowing an introduction of gas into the containing space from outside, and preventing 
a leakage of liquid and gas to the outside; 

providing a mechanism having a function for keeping or expanding a capacity of the containing space, and; 
controlling a negative pressure in the containing space caused by consunnption of liquid in the containing portion 
40 by the one-way valve. 

[0043] In a third aspect of the invention, there Is provided a liquid supply apparatus, comprising: 

a containing portion which defines a containing space for liquid and includes a liquid supply portion for fomning a 
45 liquid supply port for supplying contained liquid to the outside and a gas Introduction portion for introducing gas 

from outside into the containing space; 

a mechanism having a function for keeping or expanding a capacity of the containing space; and 
a one-way valve having a gas introducing member mountable on the gas introduction portion in which, in the state 
where the gas introduction member is mounted onto the gas introduction portion, an introduction of the gas is 
50 allowed through the gas Introduction portion and a leakage of liquid and gas from the containing space to the 

outside is prevented, and the one-way valve for controlling a negative pressure In the containing space caused 
by consumption of liquid in the containing portion. 



[0044] There is provided an ink tank for the liquid supply apparatus according to the third aspect, comprising: 
the containing portion for containing ink as the liquid; and 

a mechanism having a function for keeping or expanding a capacity of the containing space. 
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[0045] Further, there is provided an Ink jet recording apparatus for performing a recording by ejecting ink onto a 
recording medium by using this ink tank and a recording head for ejecting ink supplied by the ink tank, comprising; 

a holder for mounting the ink tank; 

a one-way valve for allowing communication of fluid flowing into one direction and preventing communication of 
fluid toward the other direction; and 

a flow path being connected with the one-way valve and being open and closed thereby; wherein 
the holder having a member communicating with the flow path and the ink tank having a mounting portion capable 
of detachably mounting the member of the holder, whereby gas is introduceable thereinto through the one-way 
valve and the member of the holder. 

[0046] There is provided an ink jet cartridge, comprising: 

an ink tank for constituting the liquid supply apparatus according to the third aspect, the ink tank having the con- 
taining portion for containing ink as the liquid and a mechanism having a function for keeping or expanding a 
capacity of the containing space; and 

an recording head for ejecting ink supplied from the ink tank through a communicating path, the recording head 
being fomied integral with the ink tank. 

[0047] Further, there Is provided an ink jet recording apparatus for performing a recording by ejecting ink onto a 
recording medium by using this Inkjet cartridge, comprising: 

a holder for mounting the ink jet cartrkJge; 

a one-way valve for allowing communication of fluid flowing into one direction and preventing communication of 
fluid toward the other direction; and 

a flow path being connected with the one-way valve and being open and closed thereby; wherein 
the holder having a menrtoer communicating with the flow path and the Ink tank of the ink jet cartridge having a 
mounting portion capable of detachably mounting the member of the holder, whereby gas is Introduceable thereinto 
through the one-way valve and the member of the holder 

[0048] In a fourth aspect of the invention, there is provided a one-way valve for, mounted on a containing portion 
which defines a containing space for liquid, allowing an introduction of gas from outside to the containing space and 
preventing a leakage of liquid and gas from the containing space to the outside, the one-way valve comprising: 

a hollow gas introduction member for Inserting into the containing space; 

a valve chamber communicated with the gas introduction member and having an opening portion which allows an 
introduction of gas from outside; and 

an opening/closing member which is provided with the valve chamber and urged In the direction the opening portion 
Is closed, whereby being activated to open the opening portion if the pressure within the containing space becomes 
less than the predetennined value. 

[0049] In a fifth aspect of the invention, there is provided a liquid container, comprising: 

a liquid containing chamber having a movable member defining a containing space of liquid at least in part thereof 
and being defonnable according to a supply of the liquid to the outside, and having a liquid supply port for supplying 
liquid contained therein; and 

a valve chamber communicating with the containing space and having a one-way valve which allows an introduction 
of gas into the containing space fonrt outside and prevents a leakage of liquid and gas to the outside from the 
containing space; wherein 

the liquid containing chamber includes an elastic member for generating an urging force F1 in the direction In- 
creasing a content of the containing space, and an urging means for receiving the urging force F1 to urge the 
movable member with an area S1 against the direction; 

the valve chamber includes a valve controlling member for generating an urging force F2 in order to control an 
opening operation of the on-way valve, and a closing means for receiving the urging force F2 to close the one- 
way valve by an act of the urging force F2 with an area S2; and 

the one-way valve is configured to be open in order to Introduce air from outside, assuming that the pressure 
resulted from the meniscus of the liquid fomied in a communicating portion which makes a communication between 
the containing space and the valve chamber when the liquid is present in the communicating portion is PM, the 
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height between the meniscus and the uppermost of ink in the containing space is the density of the liquid is p, 
and the acceleration of gravitation Is g, respectively; an absolute value of the negative pressure PV = - (F1/S1) + 
hxpxg + PM acting on the valve chamber satisfies 

IPVI > IF2I/S2. 

[0050] Here, the valve chamber may be configured to have a communication with the containing space at a portion 
of the liquid containing chamber which retains the introduced gas, and when the following formula 

IF1I/S1 >IF2I/S2 



is satisfied, the one-way valve Is open to introduce air from outside. 
15 [0051] In a sixth aspect of the invention, there Is provided a liquid container, comprising: 

a movable member which defines a containing space for liquid and is displaceable according to supply of the liquid; 
a liquid supply port for supplying the contained liquid to the outside; and 

a one-way valve having a port capable of Introducing gas into the containing space and a sealing member for 
20 sealing the port; wherein 

the one-way valve is opened to introduce the gas when a capacity of the containing space starts to decrease due 
to a displacement of the movable member according to supply of the liquid and becomes lower than the predeter- 
mined value. 

25 [0052] (n a seventh aspect of the invention, there is provided a liquid container having a liquid supply port for supplying 
the contained liquid to the outside and a valve chamber equipped with a one-way valve for allowing an introduction of 
gas into the containing space from outside and preventing a leakage of liquid and gas from the containing space to 
the outside, the liquid container being generally sealed except for the liquid supply port and the one-way valve, com- 
prising: 

30 

a negative pressure generating means for applying negative pressure to the liquid supply from the liquid supply 
port; and 

a negative pressure controlling means for controlling the negative pressure by introducing the gas, wherein 
the negative pressure controlling means has a function to prevent a discharge caused by an operation tempting 
35 to discharge liquid and gas to the.outside therefrom. 

[0053] In a eighth aspect of the invention, there is provided a liquid container, comprising: 

a movable member which defines a containing space for liquid and is displaceable in accordance with a supply of 
40 the liquid; 

a liquid supply port for supplying the contained liquid to the outside; 
an opening capable of introduction of gas into the containing space; and 
a valve body for sealing the opening; wherein, 

the containing space is configured to maintain the capacity thereof about the predetemriined value regardless of 
45 a supply of the liquid and an introduction of the gas, after the capacity of the containing space starts to decrease 

according.to the supply of the liquid from the state where the containing space is generally filled with the liquid to 
be lower than the predetermined value which causes an introduction of gas. 

[0054] There is provided a liquid using apparatus capable of being joined with the liquid container according to any 
50 one of the fifth to eighth aspects, wherein liquid supplied from the containing space is used. 

[0055] Further, there is provided a recording apparatus utilizing a liquid container according to any one of the fifth 
to eighth aspects in which an ink as a recording agent is contained, and perfonning a recording with ink supplied from 
the containing space. 

[0056] Moreover, there is provided an ink jet cartridge, comprising; 
55 a liquid container according to any one of the fifth to eighth aspects in which an ink as a recording agent is 

contained; and 

a recording head capable of ejecting ink from an ink ejection port, the recording head being joined with the 
containing space and the ink being supplied from the containing space. 
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[0057] In the above, an ink as the liquid may contain pigment as a color material. 

[0058] Incidentally, in the present specification, the wording "recording" means not only a condition of forming sig- 
nificant infonmation such as characters and drawings, but also a condition of fonning images, designs, patterns and 
the like on printing medium widely or a condition of processing the printing media, regardless of significance or un- 
meaning or of being actualized in such manner that a man can be perceptive through visual perception. 
[0059] Further, the wording "printing medium" means not only a paper used in a conventional printing apparatus but 
also everything capable of accepting inks, such as fabrics, plastic films, metal plates, glasses, ceramics, wood and 
leathers, and in the following, will be also represented by a "sheet" or simply by "paper". 

[0060] Still further, the wording "ink" should be interpreted in a broad sense as well as a definition of the above 
"printing" and thus the ink. by being applied on the printing media, shall mean a liquid to be used for fomiing images, 
designs, patterns and the tike, processing the printing medium or processing inks (for example, coagulation or encap- 
sulation of coloring materials in the inks to be applied to the printing media). 

[0061] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings. 

Figs. 1 A and 1B are Illustrations for explaining problems with a liquid container according to the related art into 
which outside air is Introduced to moderate an increase of a negative pressure that occurs as a result of consump- 
tion of a liquid (ink); 

Fig. 2 is a schematic sectional view of a configuration of an ink tank and a recording head in a first embodiment 
of a basic configuration according to the invention; 

Figs. 3A and 3B are sectional views for explaining operations of a one-way valve in Fig. 2; 

Figs, 4A, 48, and AC are sectional views for explaining an operation of the ink tank in Fig. 2; 

Fig. 5 is an illustration for explaining a relationship between the amount of supplying ink and changes in a pressure 

in a containing space S when the ink tank in Fig. 2 is used; 

Fig. 6 is a sectional view for explaining an operation of the ink tank in Fig. 2; 

Fig. 7 is a schematic sectional view of a configuration of an ink tank in a second embodiment of a basic configuration 
according to the present invention; 

Fig. 8 is a schematic sectional view of a configuration of an ink tank in a third embodiment of a basic configuration 
according to the present invention; 

Fig. 9 is a perspective view of a configuration of an ink tank in a fourth embodiment of a basic configuration ac- 
cording to the present invention; 

Pigs. 1 0A, 1 0B, and 1 DC are illustrations of steps of forming a tank sheet of the ink tank shown in Fig. 9; 

Fig. 11 A Is an illustration of a step of manufacturing a spring unit of the ink tank in Fig. 9, and Fig. 118 is an 

illustration of a step of manufacturing a spring/sheet unit of the ink tank in Fig. 9; 

Figs. 12A and 128 illustrate steps of manufacturing a spring/sheet/frame unit of the ink tank In Fig. 9; 

Fig. 1 3 Is an illustration of a step of combining the spring/sheet unit and the spring/sheet/frame unit of the ink tank 

in Fig. 9; 

Figs. 14Aand 148 are sectional views of major parts at the combining step in Fig. 13; 

Fig. 15 is a sectional view of an ink tank containing unit configured by using the ink tank in Fig. 9; 

Fig. 1 6 is a sectional view of an ink tank containing unit configured by using a plurality of the ink tanks in Fig. 9; 

Fig. 1 7 is a perspective view showing an example of an ink jet recording apparatus to which the present invention 

Is applicable; 

Fig. 1 8 is a schematic sectional view for expllalning a first example for coupling of an ink tank, a one-way valve, 
and a recording head; 

Fig. 1 9 is a schematic sectional view for explaining a second example for coupling of an Ink tank, a one-way valve, 
and a recording head; 

Fig. 20 is a schematic sectional view for explaining a third example for coupling of an Ink tank, a one-way valve, 
and a recording head; 

Figs. 21 A to 21 C is illustrations for explaining a control of a negative pressure in the ink tank shown in Fig. 20 as 
a result of the supply of the ink, 

Fig. 22 is a schematic sectional view for explaining a fourth example for coupling of an ink tank, a one-way valve, 
and a recording head; 

Fig. 23 is a schematic sectional view for explaining a fifth example for coupiing of an ink tank, a one-way valve, 
and a recording head; 

Fig. 24 is a schematic sectional view for explaining a sixth example for coupling of an Ink tank, a one-way valve, 
and a recording head; 

Fig. 25 is a schematic sectional view for explaining a seventh example for coupling of an ink tank, a one-way valve, 
and a recording head; 
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Figs. 26A and 26B show two examples of mechanism for attaching an ink tank and recording head; 
Figs. 27A to 27C are schematic sectional views for explaining a configuration and an operation of a first embodiment 
of an Ink supplying device having a one-way valve In another aspect of the present invention; Fig. 27A showing a 
state of the same in which an opening section for introducing atmosphere is sealed; Fig. 27B showing a state of 
5 the same immediately before separation of the atmosphere Introducing opening section as a result of contraction 

of an ink tank; Fig. 27C showing a state of the same In which the atmosphere introducing opening section Is opened 
to introduce air; 

Figs. 28A to 28D are schematic sectional views for explaining a configuration and an operation of a second example 
of an Ink supplying device having a one-way valve In the other aspect of the present invention; Fig, 28A showing 
10 a state of the same In which an opening section for introducing atmosphere Is sealed; Fig. 28B showing a state 

of the same immediately before separation of the atmosphere introducing opening section as a result of contraction 
of an Ink tank; Fig. 28C showing a state of the same in which the atmosphere Introducing opening section Is opened 
to Introduce air; Fig. 28D showing a configuration of a sealing member; 

Fig. 29 is a schematic sectional view for explaining a configuration of a third embodiment of an ink supplying device 
^5 having a one-way valve in the other aspect of the invention; 

Fig. 30 is a schematic sectional view for explaining a configuration of a fourth embodiment of an ink supplying 
device having a one-way valve in the other aspect of the Invention; 

Fig. 31 is a schematic sectional view for explaining a configuration of a fifth embodiment of an ink supplying device 
having a one-way valve in the other aspect of the invention; 
20 Fig. 32 is a schematic sectional view for explaining a configuration of a sixth embodiment of an ink supplying device 

having a one-way valve in the other aspect of the invention; 

Fig. 33 is a schematic sectional view for explaining an example of a configuration of the ink tank focusing on a gas 
permeation. 

Figs. 34A, 348, and 34C Illustrate states of use of the ink tank In Fig. 33; 
25 Fig. 35 illustrates an osmotic pressure of a gas In the Ink tank In Fig. 33; 

Fig. 36 is a schematic sectional view for explaining an example of another configuration of the Ink tank focusing 
on a gas transmission. 

Fig. 37 is a schematic sectional view showing an example of an Ink container which is a liquid container used in 
still another embodiment of the invention and onto which an Ink jet recording head is integrally mounted; 
30 Figs. 38A to 38E are illustrations for explaining operations of the ink container shown in Fig. 37; 

Fig.39 is an illustration showing a relationship between a negative pressure in an ink containing space of the ink 
container shown in Fig. 37 and the amount of remaining Ink; 

Fig. 40 Is a schematic sectional view showing another example of an ink container which is a liquid container used 
In still another embodiment of the invention and onto which an Inkjet recording head is integrally mounted; 
35 Fig. 41 is an illustration showing how a volumetric capacity of an ink containing space changes In accordance with 

the amount of extracted liquid (Ink) in order to explain a function of a buffer area for preventing pressure fluctuations 
formed by the Ink container shown in Fig. 37; 

Figs. 42A and 428 are schematic sectional views for explaining an example of a configuration and an operation 
of another embodiment of an ink container In which a preferable buffer area is fomied; 

40 Figs. 43A and 438 are schematic sectional views for explaining an example of a configuration and an operation 

- of still another embodiment of an ink container in which a preferable buffer area is formed; 
Fig. 44 Is an illustration for explaining design parameters for the configuration In Fig. 42A; and 
Fig. 45 is a schematic sectional view showing a state of the configuration in Fig. 42A in which ink has been extracted 
from a supply port to nearly use up the same. 

45 Fig. 46A to 46F are schematic sectional views for explaining an example of a configuration and an operation of 

an Ink tank to be considered In order to have a design condition thereof generalize. 

Fig. 47 illustrates a relationship between a negative pressure In an Ink tank shown in Fig. 46A and the amount of 

remaining ink; 

Fig. 48 illustrates a relationship between a negative pressure in a modified configuration of an ink tank shown in 
50 Fig. 46A and the amount of remaining ink; 

Figs. 49A and 498 each Illustrates an example of a configuration of an Ink tank different from the configuration 
shown Fig. 46A and a relationship between a negative pressure therein and the amount of remaining ink; and 
Figs. 50A and 508 each illustrates an example of an ink tank of another configuration shown in Fig. 46A and a 
relationship between a negative pressure therein and the amount of remaining ink. 

55 

[0062] The present invention will now be described in detail with reference to the drawings. 
[0063] Various embodiments of the invention applied to an Ink jet recording apparatus will be described below. Spe- 
cifically, a liquid container contains ink to be supplied to an ink jet recording head, and the temn "Ink" may therefore be 
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substituted for the term "liquid". Specifically, the present invention is effective for an ink containing color material. More 
specifically, the present invention is preferable for an ink containing pigment to ensure more excellent ink supply char- 
acteristk:. 

5 1 . Embodiments of Basic Configuration 

1 .1 Rrst Embodiment of Basic Configuration 

[0064] Figs. 2 to 6 illustrate a first embodiment of a basic configuration of the invention. 

10 [0065] In Fig. 2, reference numeral 10 represents a cartridge type ink tank (also referred to as "ink cartridge") in 
which ink can be contained, and reference numeral 20 represents a recording head that can eject ink supplied from 
the ink tank 10. The recording head 20 is not limited to any particular method of ejecting ink and, for example, thermal 
energy generated by an electrothermal conversion body may be used as energy for ejecting ink. In this case, film 
boiling of ink may be caused by heat generated by the eletcrothennal transducer, and ink may be ejected through an 

IS ink ejection port by foaming energy at that time. The ink tank 1 0 and the recording head 20 In the present embodiment 
may be separably or Inseparably coupled to configure an Inkjet cartridge that can be mounted to and detached from 
an Ink jet recording apparatus. Therefore, the cartridge type ink tank 1 0 or the recording head 20 may be independently 
replaced with new ones, or the Ink jet cartridge as a whole may be replaced with new one. 

[0066] An ink containing space S is defined by a movable member 1 1 in the ink tank 1 0. A space above the movable 

20 member 1 1 in the ink tank 1 0 is exposed to the atmosphere at an atmosphere communication port 1 2 to be put under 
a pressure equal to the atmospheric pressure. An outer casing 13 of the Ink tank 10 serves as a shell for protecting 
the movable member 1 1 from an extemal force. The movable member 1 1 of the present embodiment is constituted by 
a defonnnable flexible film (sheet member) whose configuration in a central section thereof is regulated by a plate 14 
and which has a trapezoidal side configuration. As will be described later, the movable member 11 is deformed in 

25 accordance with changes In the amount of Ink in the containing space S and fluctuations of a pressure in the same. 
In such cases, the peripheral section of the movable member 11 is expanded and contracted or deformed in a good 
balance, and the central section of the moveable member 1 1 moves up and down with a substantially horizontal attitude 
or orientation thereof maintained. Since the movable member 1 1 is thus smoothly deformed (moved), the deformation 
will cause no shock, and there will be no abnomial pressure fluctuation attributable to shock in the cotitaining space S. 

50 [0067] In the ink containing space S. there is provided a spring member 40 in the form of a compression spring for 
exerting a force that expands the movable member 11 outward through the plate 14 to generate a negative pressure 
within a range In which an ink ejecting operation of the recording head can be performed in equilibrium with an ability 
for holding meniscus formed at an ink ejecting port of the recording head. Fig. 2 shows a state in which the containing 
section S is substantially fully charged with ink, and the spring member 40 is compressed to generate an adequate 

35 negative pressure in the ink tank even in this state. 

[0068] The recording head 20 Is equipped with hollow needles 21 and 22 that can be stuck into rubber plugs 1 7 and 
18. The hollow needle 21 is stuck into the rubber plug 17 to fomi a supply channel L1 for supplying the ink in the 
containing space S tathe recording head 20. A filter 23 is provided in the supply channel LI . Reference numeral 24 
represents a sealing member such as a rubber that Is in tight contact with the rubber plug 17. The other hollow needle 

40 22 is stuck into the rubber plug 18 to forni a communication channel L2 for exposing the containing space S to the 
atmosphere. A one-way valve 30 that is schematically shown in Fig. 2 is provided in the communication channel L2. 
Reference numeral 25 represents a sealing member such as a rubber that is In tight contact with the rubber plug 18, 
The rubber plugs 1 7 and 18 may be fomied with slits 1 7A and 1 8A to allow the hollow needles 21 and 22 to be stuck 
easily. When the hollow needles 21 and 22 are not stuck into the slits 1 7A and 18A, the slits are closed by an elastic 

43 force of the rubber plugs 1 7 and 1 8. An Ink supply port 1 5 and a communication port 1 6 are formed at the bottom of 
the Ink tank 1 0, and they are closed by the rubber plugs 1 7 and 1 8. Therefore, the ink containing space S is completely 
sealed when the hollow needles 21 and 22 are not stuck and is substantially sealed when the needles are stuck except 
for the ink supply port 15 and the communication port 1 6. 

[0069] The schematically illustrated one-way valve shown In figures shows its function symbolically. The states of 
so the valve in the figures do not indicate an opening state or a closing state of the valve as they are. Other figures 
illustrating the one-way valve symbolically as above are to be considered likewise. 

[0070] Figs. 3A and SB illustrate an example of a specific configuration and an operation of the one-way valve 30 
according to the present invention when applied to the configuration shown In Fig, 2. It is a matter of course that such 
configuration in perfomiing the operation can be utilized in the similar manner to the other examples which will be 
55 explained hereinafter. 

[0071] In Fig. 3A, the one-way valve 30 of the present embodiment has a configuration to be connected to the Ink 
tank 1 0 through a hollow needle (tube) 22 having direct communication with the tank. Such valve herein is configured 
as a diaphragm valve utilizing a diaphragm 31 . Specifically, the diaphragm 31 is formed with an opening section 31 A 
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at a fixed position in a face-to-face relationship with a sealing member 32 provided with a housing 36 In a fixed manner. 
The opening 31 A is nomially sealed with the sealing member 32. The diaphragm 31 is urged by a spring member 33 
downward in Fig. 3A through a support plate 34 explained later. The opening 36A having a communication with the 
atmosphere is provided on the housing 36 that constitutes a valve chamber R in which the diaphragm 31 and the spring 

5 member 33 are provided, and the sealing member 32 is fixed in a position in a face-to-face relationship with the opening 
31 A. When the opening section 31 A Is pressed against the sealing member 32 as shown In Fig. 3A, the opening section 
31 A is closed to block the communication channel L2 between the valve chamber R and the atmosphere. The support 
plate 34 Is in tight contact with the diaphragm 31 and has an opening 34A corresponding to the opening section 31 A 
as well. An establishment of communication between the valve chamber R and the ink tank 10 through the hollow 

10 needle 22 will results in a presence of ink in the ink tank to the extent of an end of the hollow needle 22 or of a certain 
position within the hollow needle. Therefore, the valve chamber R has the same internal pressure as that in the Ink 
containing space S. 

[0072] When ink is supplied from the ink tank 1 0 to the recording head 20 to reduce the amount of Ink in the containing 
space S, the pressure in the containing space S (Inner pressure) decreases (the negative pressure Increases) accord- 

15 jngiy. When the pressure in the containing space S becomes equal to or less than a predetermined value (equal to or 
more than the predetermined negative pressure), the opening section 31 A gets away from the sealing member 32 to 
have a communication with atmosphere. That is, the air In the valve chamber R is supplied due to the reduction of the 
pressure within the containing space S, resulting in an increase of the negative pressure In the valve chamber R. When 
the negative pressure in the valve chamber R reaches a predetermined value, the diaphragm 31 and the support plate 

20 34 move toward a side of the valve chamber R against the urging force of the spring member 33 because a difference 
between the pressures inside and atmosphere (outside the chamber R) excesses the urging force of the spring member 
33, resulting in a separation of the opening section 31 A from the sealing member 32. As a result thereof, the opening 
section 31 A opens to introduce outside air under a pressure higher than that in the valve chamber R into the valve 
chamber R. Such Introduction of outside air moderates the pressure in the valve chamber R and the containing space 

25 s, and the opening section 31 A is then closed again by the urging force of the spring member 33. Up to this point, the 
pressure in the valve chamber R rises near to that of the atmosphere. The urging force of the spring 33 causes a 
displacement of the diaphragm 31 toward the seal member 32 to establish a tight contact therebetween in order to 
keep the predetemriined negative pressure. 

[0073] Such an function of opening and closing the one-way valve 30 keeps the pressure in the valve chamber R 
30 and the Ink containing space S at the predetermined pressure (a pressure smaller than that of the atmosphere). 

[0074] The valve chamber R and the ink containing space 8 are in communication with each other through the hollow 
needle 22, and an opening 22A at the end of the hollow needle 22 is In contact with Ink, which results in the formation 
of menlscuses 22B, an interface formed between the Ink and the air that projects toward the ink containing space S, 
at the opening 22A. 

35 [0075] When the negative pressure in the containing space S exceeds the predetermined value due to a supply of 
ink Into the recording head 20, a pressure difference occurs between the interior of the containing space S and the 
valve chamber R. At the Instant when the pressure difference exceeds a meniscus holding capacity, air is introduced 
into the containing space S to eliminate the pressure difference. Next, according to a continuous reduction of the 
pressure within the containing space 8, the diaphragm 31 Is displaced upward in Figs. 3A and 3B by the pressure 

40 while compressing the spring member 33, which opens the opening section 31 A to introduce air into the valve chamber 
RrThis moderates the negative pressure In the valve chamber R and produces a pressure difference between the 
interior of the containing space 8 and the valve chamber R at the same time, and air consequently breaks the menls- 
cuses at the opening 22A at the end of the hollow needle 22 to be introduced Into the containing space S. 
[0076] At the instant when opening section 31 A is opened to start the introduction of air, turbulence may occur in the 

45 air flow. In the present example, however, since the valve chamber R and the ink containing space S are in commu- 
nication with each other through the hollow needle 22 and the opening 22A at the end of the hollow needle 22 has a 
configuration to allow menlscuses to be formed, there will be no flow of a great amount of ink into the valve chamber R. 
[0077] Even when ink enters the valve chamber R as a result of an ambient change or a swing of the apparatus 
during transportation, since the ink Is returned to thecontalning space S as a result of the operation of introducing air 

so to adjust the negative pressure in the ink containing chamber 8, the ink tank 1 0 and the one-way valve 30 eventually 
return to preferable states. 

[0078] Taking the above operation into consideration, it is preferable to determine an opening dimension a of the 
opening 22A at the end of the hollow needle 22 such that the meniscus holding capacity will be smaller than the force 
to open the opening section 31 A into the valve chamber R. For example, the opening preferably has a circular config- 
55 uration with an opening diameter of 5 mm or less and more preferably has a circular configuration with an opening 
diameter of 1 mm or less. A length L of the hollow needle 22 is preferably such a dimension that ink is unlikely to reach 
the valve chamber R even when It is moved toward the valve chamber R by turbulence In the air flow as described 
above, the dimension precisely being 0.5 mm or more and more preferably being 5 mm or more, for example. 
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[0079] Such configurations are quite advantageous under conditions other than conditions of the actual use of the 
apparatus such as a swing of the apparatus during transportation and an ambient change, and it provides very pref- 
erable perfomiance with regard to the stability of a negative pressure in relation to the recording head. 
[0080] Such opening and closing functions of the one-way valve 30, the interiors of the vah/e chamber R and the ink 
containing space S are kept at a constant pressure. 

[0081] Figs. 4A, 48, and 4C illustrate an ink supplying operation of the ink tank 10 that is coupled with the recordina 
head 20. 

[0082] Fig. 4A shows a state of the ink tank 10 that is reached when a small amount of ink is consumed from an 
initial state (Fig. 2) In which the containing space S is fully charged with ink. Fig. 4B shows a state in which the movable 
member 11 has been displaced downward (in the direction of compressing the spring member 40) as a result of ink 
consumption. The movable member 11 Is at its maximum downward free displacement in the state shown in Fig. 4B, 
and the flexible film as the movable member 11 Is tensioned and also subjected to a load from the spring member 40 
when the ink is further consumed, which increased the negative pressure in the containing space S. When the negative 
pressure in the containing space S exceeds a predetermined air introducing pressure, the one-way valve 30 opens as 
described above to introduce outside air into the containing space S as shown in Fig. 4C. Therefore, the pressure in 
the containing space S Is not decreased below the predetemilned pressure, and a constant pressure is maintained in 
the containing space S. As a result, Ink is supplied to the recording head 20 with stability to allow a recording operation 
to be performed as desired. Therefore, an Ink tank having the above-described configuration will be preferred for the 
efficient and adequate application of the present invention. 

[0083] Fig. 5 shows a relationship between the amount of ink supplied using the ink tank in the present embodiment 
of the invention and changes In the pressure In the containing space S. In a configuration as disclosed in the above- 
cited Japanese Patent Application Laid-open No. 7-125240 (1995) or Japanese Patent Application Laid-open No. 
7-126241 (1995) in which an enclosed system is established by balandng a force originating from ink meniscus (a 
liquid seal) fonned in the region of an annular orifice and a negative pressure provided by a spring, the introduction 
and blocking of air is perfomied with poor response and a pressure in a tank fluctuates significantly for reasons including 
the fact that the configuration involves an operation of breaking and re-forming the liquid seal before and after the 
introduction of air in response to an increase in the negative pressure and the fact that the ink level in the tank is 
unstable. On the contrary, in the present embodiment of the Invention, the introduction (Fig. 4C) and blocking (Fig. 4B) 
of air is quickly and stably perfonned to maintain a stable negative pressure or stable supply of ink in a wide range 
until ink is used up as shown in Fig. 5. When air residing in the containing space 8 is expanded as a result of a decrease 
in the outside air pressure or an increase in the ambient temperature, the movable member 1 1 is displaced upward as 
shown In Fig. 6. That is, the movable member 1 1 is displaced upward according to the expansion of air in the containing 
space S to absorb a pressure change resulting from the expansion of air. Further, the spring member 40 exerts a load 
in the direction of urging the movable member 11 upward. A constant pressure is therefore reliably maintained in the 
containing space S. As a result, ink can be supplied to the recording head 20 with stability to perform a recording 
operation as desired. As shown in Fig. 3A, the one-way valve 30 remains closed or blocked even when air in the 
containing space S expands as shown In Fig. 6, which prevents ink In the ink tank 10 from leaking out. 
[0084] In order to allow an increase in the volume of air introduced into the containing space 8, the amount of an 
increase in the volumetric capacity of the space (Vs) as a result of deformation (upward displacement) of the movable 
member Is preferably detemiined equal to or greater than the amount of an Increase of introduced air (AVi). 
[0085] Since the level of ink In the ink tank 10 is decreased in accordance with the amount of ink consumed in 
(extracted or supplied from) the ink tank 10 by introducing outside air into the ink tank 10 through the one-way valve 
30 as described above, the Ink in the ink tank 1 0 can be substantially completely extracted through the supply port 1 5. 
In addition, since the one-way valve 30 prevents the Ink or air (fluid) In the Ink tank 10 from being extracted or leaked 
to the outside, the ink in the Ink tank 1 0 will not leak out through the communication port 1 6 regardless of the attitude 
or orientation of the Ink tank 1 0 in use. Therefore, there is no partteular restriction on the attitude of the Ink tank 1 0 In use. 
[0086] The one-way valve 30 is not limited to the configuration utilizing a diaphragm described in the present example, 
and various configurations may be employed including a configuration similar to that of a general check-valve in which 
a valve body is pressed against a valve seat by an urging force of a spring member. In summary, what is required for 
the one-way valve 30 Is to prevent extraction or leakage of fluid (ink and gas) from the ink tank 1 0 to the outside and 
to allow introduction of air (gas) into the ink tank 1 0 from the outside. In case that Ink exists outside the one-way valve 
30 (under the diaphragm 31 in Fig. 38, for example) i.e., outside the ink tank 10 con-esponding to the configuration 
thereof, the one-way valve 30 allows the external ink to be introduced Into the ink tank 10. 

[0087] The position of the communication port 16 of the ink tank 1 0 is not limited to the bottom of the Ink tank 10, 
and It may be in any position of the tank. For example, the communication port 16 may be provided in a top or side 
section of the ink tank 10 where air introduced into the containing space S is located. 



12 



EP 1 300 247 A2 



1 .2 Second Embodiment of Basic Configuration 

[0088] Fig. 7 illustrates a second embodinnent of the basic configuration of the invention. In the illustrated configu- 
ration, a spring member 42 In the fomri of a tension spring Is provided outside an Ink containing space S, the spring 
5 member 42 exerting a force that expands a movable member 11 outward to generate a negative pressure within a 
range in which an ink ejecting operation of a recording head can be perfonned in equilibrium with an ability to hold 
menlscuses fonned at an ink ejecting section of the recording head. 

[0089] That is, the function of the spring member 42 is substantially the same as the function of the spring member 
40 of the first embodiment. However, since the present embodiment has a configuration in which the spring member 
10 42 is not in direct contact with Ink, the spring member itself has a long shelf life and improved stability, and freedom in 
selecting an ink material increases. 

1 .3 Third Embodiment of Basic Configuration 

IS [0090] White the first embodiment has a configuration in which the spring member is provided to generate a negative 
pressure, the spring member may be omitted by fomning the deformable flexible film to serve as a movable member 
using a material having spring properties. Specifically the flexible film may be a material provided with a property of 
being displaced In the direction of Increasing the volumetric capacity of the containing space S to have the flexible film 
itself serve as a spring member as an urging unit. 

20 [0091 ] Fig. 8 shows an embodiment of such a configuration in which a movable member 1 1 ' is fornied using a flexible 
film having appropriate spring properties to achieve a function substantially similar to that of the spring member 40 in 
the first embodiment. The present embodiment is advantageous in that ink containing efficiency is Improved and in 
that the manufacturing cost of an ink tank is reduces because no special spring member Is disposed. 
[0092] An ink tank having such a flexible film may be obtained by forming an ink tank outer wall and an ink containing 

25 Inner wall that can be deformed such that it is separated from the outer wall simultaneously at the same step using a 
direct blow forming, as disclosed in Japanese Patent Application Laid-open No. 9-267483 (1997), for example. 
[0093] For example, such an ink tank may be used in a case In which a negative pressure can be maintained in a 
range that is somewhat appropriate for a recording head in consideration to a water head difference attributable to the 
positional relationship between the ink tank and the recording head and the magnitude of a negative pressure generated 

30 at the recording head and in which no problem occurs during the ejection of ink from the recording head even though 
no spring is used. 

1 .4 Fourth Embodiment of Basic Configuration 

35 [0094] While the spring member in the first embodiment has been described as having a configuration like a coll 
spring, a configuration is possible In which a plate or leaf spring is used. 

[0095] Fig. 9 is a perspective view of an ink tank 127 with such a configuration, the tank having an enclosed structure 
In which top and bottom spring/sheet units 114 are mounted to openings at the top and bottom of a square frame 115. 
As will be described later, the spring/sheet unit 114 Is constituted by a spring unit 112 including a spring 107 and a 
40 pressure plate 109 and a flexible tank sheet (flexible member) 106. The frame 115 is formed with an Ink supply port 
15 and a communication port 1 6. 

[0096] Figs. 10A to 14B illustrate a method of manufacturing such an ink tank 127. 

[0097] First, Figs. 10A, 10B, and IOC are illustrations of steps of forming the flexible tank sheet 106 with a convex 
shape. 

45 [0098] A sheet material 101 for forming the tank sheet 106 is formed from a raw material into a sheet having a large 
size, and the sheet material 1 01 is an Important factor of the perfomiance of the Ink tank. The sheet material 1 01 has 
low permeability against gases and ink components, flexibility, and durability against repeated deformation. Such pref- 
erable materials include PP, PE, PVDC, EVOH, nylon, and composite materials with deposited aluminum, silica or the 
like. It is also possible to use such materials by laminating them. In particular, excellent ink tank performance can be 

so achieved by laminating PP or PE that has high chemical resistance and PVDC. EVOH that exhibits high perfomiance 
in blocking gases and vapors. The thickness of such a sheet material 101 Is preferably in the range from about ^0\^m 
to lOO jim taking softness and durability into consideration. 

[0099] As shown in Fig. 10A, such a sheet material 1 01 is fomried into a convex shape using a forming die 1 02 having 
a convex portion 103, a vacuum hole 104, and a temperature adjusting mechanism (not shown). The sheet material 
55 101 Is absorbed by the vacuum hole 104 and fornied Into a convex shape that is compliant with the convex portion 
1 03 by heat from the f omning die 1 02. After being fomned into the convex shape as shown in Fig. 1 08, the sheet material 
101 is cut into a tank sheet 106 having a predetermined size as shown in Fig. IOC. The size is only required to be 
suitable for manufacturing apparatus at subsequent steps and may be set In accordance with the volume of the Ink 
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tank 127 for containing ink. 

l?Jrr "'"^'^«°"°f«s<eP°f '"^''"facturingthespringunit 11 2 used for generating a negative pressure 
m the ink tank 127. A spring 107 that is formed in a semicircular configuration in advance is mounted on a spring 
receiving J-g 108 and a pressure plate 109 is attached to the same from above through spot welding using a welding 

el^trode111.Athemia adhesivellOls applied to thepressureplate109.Aspringunit112 
107 and the pressure plate 109. 

(0101] Fig. 11B is an illustration of a step of mounting a spring unit 112 to the tank sheet 106. The spring unit 112 is 
^^tTT °" ^" ^ °* '^"'^ ^"^^^ ^ °^ P'^^^^ °" ^ '^^^'"3 jig (not shown). The themial adhesive 110 

niftoi ^^^^ *° "^"'^ "2 and the tank sheet 106 to form a spring/sheet unit 114 

[0102] Fig. 12A is an illustration of a step of welding the spring/sheet unit 114 to the frame 115 The frame 115 is 
securedto a frame receiving jig 116. Afterthe flame 115 is positioned and placed on the jig 116. a sheet absorbing jig 
117 surrounding the frame 115 absorbs the spring/sheet unit 114 to a vacuum hole 117A to hold the unit 114 and the ■ 
frame 115 without relative misalignment. Thereafter, a heat head 118 is used to therniaBy weld annular joint surfaces 

unrt 11 4 in the figure. Since the sheet absorbing jig 1 1 7 sets the top circumferential edge of the frame 1 1 5 in Fiq 12A 
and the circumferential edge of the tank sheet 106 of the sprtng/sheet unit 114 in a uniform face-to-face relationship 
the bonding surfaces are quite unifomily themially welded and sealed. Therefore, the sheet absorbing iiq 117 Is Im- 
portant for thermal welding in order to provide uniform sealing. 

y 'l^" illustration of a step of cutting off a pari of the tank sheet 106 protruding from the frame 115 
wrth a cutter (not shown). A spring/sheet/frame unit 119 is completed by cutting off the part of the tank sheet 106 
protruding from the frame 115. 

'■^■r?" ^'^^^ ^""^ ^"^^ "'"strations of steps of thermally welding another spring/sheet unit 114 
fabricated through the above-described steps to such a spring/sheet/frame unit 119 

10105] As shown in Fig. 13, the spring/sheet/frame unit 119 is mounted on a receiving jig (not shown), and the pe- 
nphery of the spnng/sheet/frame unit 119 is surrounded by an absorbing jig 120 whose position is defined relative to 
the receiving Jig. The receiving jig Is in surface contact with an outer planar section 106A of the tank sheet 1 06 of the 
spnng/sheet^rame unit 119 to hold the planar section 106A as shown in Figs. 14A and 14B. The other spring/sheet 
unit 114 IS abson>ed and held by a holding jig 121 at an outer planar section 106A of the tank 106 thereof and the 
hoWing Jig 121 IS lowered torn 

07B of the spnng 107 of the spring/sheet/frame unit 119 substantially simultaneously The ends 107A of the sprinqs 
107 have a convex shape, and the other ends 107B have a concave shape, which causes them to fit each other 
respectively an a self-alignment basis. A single spring member Is fomied by combining those springs 1 07 as a pair of 
spnng member fomiing bodies. 

^21 is further lowered to compress the pair of springs 107 as shown In Fig. 14A. In doing so 
the holding Jig 121 widely presses the top planar section 106A of the spring/sheet unit 114 in Fig. 13 ie atopflai 
region the tank sheet 106 that Is fomied in a convex configuration. As a result, the position of the planar section 
1 06A of the tank sheet 1 06 is regulated, and the spring/sheet unit 1 1 4 approaches the unit 1 1 9 and the jig 120 located 
below the same whi e being kept in parallel with them. Therefore, as shown in Fig. 14B, the circumferential edge of 

of the absorbing jig 120. and it Is also put in a unifomi face-to-face relationship with the welding surface (the top joint 

rame 115 of the spnng/sheet/frame unit 119 and the tank sheet 106 of the spring/sheet unit 114 are themiallywelded 
to each other with a heat head 122. 

^ compressing the pair of springs 1 07 while thus maintaining parallelism between the planar section 1 06A 
of the tank sheet 106 of the upper unit 114 and the planar section 106A of the tank sheet 106 of the lower unit 119 Ink 
tanks 1 27 having high parallelism between the planar sections 1 06A of the pair of tank sheets 1 06 thereof can be 
produced on a mass productfon basis with stability. Since the pair of springs 107 are symmetrically and uniformly 
cornpressed and deformed in Figs. 14Aand 14B,therewill be no force that can incline the spring/sheet unit114 which 
makes It possible to produce ink tanks 127 having high parallelism between the planar sections 106A of the pair of 
tank sheets 106 thereof with higher stability. Further, since the pair of springs 107 are symmetrically and unifomily 
compressed and delomed in Figs. 14A and 14B. the inteival between the planar sections 106A of the pair of tank 
sheets 106 in a face-to-face relationship changes with higher parallelism maintained, which consequent^r makes it 
possible to supply ink with stability. Further, the ink tank 127 has high sealing property, pressure resistance, and du- 
rability because no force acts to incline the planar section 106A of the flexible tank sheet 106 
(0108] Thereafter, the part of the tank sheet 1 06 protruding from the frame 115 is cut off to complete the ink tank 127 
as shown m Fig. lO^The interior of the ink tank 127 has an enclosed stnjcture that Is In communfcation with the outside 
only through the ink supply port 15 and the communication port 16. 

[0109] Fig. 15 is a sectional view of the ink tank containing chamber 1 30 having the ink tank manufactured through 
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the above processes. 

[0110] Ink can be reserved in the ink tank 127, and the ink is supplied from the ink supply port 1 5 of the Ink tank 127 
to a supply channel 136 through a filter 137 and is then further supplied to the head chip 133. A heater board 134 is 
bonded to the head chip 1 33 of the present embodiment to forni an ink jet recording head, and the heater board 134 

5 is formed with ink paths and orifices and is provided with electrothermal transducers (heaters) to be able to eject ink 
supplied from the ink tank 127. Air can be introduced into the ink tank 127 through the communication port 16 in a 
similar manner with the above embodiments. The ink tank containing chamber 130 having the generally enclosed 
structure formed by the lid 132 is in communication with the outside only through a small hole 142. 
[0111] An ink tank containing chamber 130 may be constructed in which a single ink tank 127 is contained or in 

10 which a plurality of ink tanks 1 27 are contained. 

[0112] Fig. 16 shows such a structure in which a plurality of ink tanks 127 are contained. The ink tanks 127 are 
mounted to an ink tank mounting section 131 using welding or bonding. Thereafter, a lid 1 32 is mounted to an opening 
of the ink tank containing chamber 130 using welding or bonding to form a semi-enclosed space In the ink tank con- 
taining chamber 130. 

15 

1 .5 Example of Structure of Ink jet Printing Apparatus 

[01 1 3] Fig. 1 7 is a perspective view of an example of an ink jet recording apparatus as a liquid-consuming apparatus 
to which the invention can be applied. 

20 [0114] Such a recording apparatus is a serial type ink jet printing apparatus. In the recording apparatus 50 of the 
present embodiment, a carriage 53 Is guided by guide shafts 51 and 52 such that it can be moved in main scanning 
directions indicated by the arrow A. The carriage 53 is moved back and forth in the main scanning direction by a carriage 
motor and a driving force transmission mechanism such as a belt for transmitting a driving force of the same motor 
The can-iage 53 carries an Ink jet recording head 20 (not shown in Fig. 17) and an Ink tank (ink container) 10 for 

25 supplying ink to the Ink jet recording head. The ink tank 10 has a structure similar to the above embodiment, and it 
may fomn an Ink jet cartridge in combination with the ink jet recording head. Paper P as a recording medium Is Inserted 
into an insertion hole 55 provided at a forward end of the apparatus and is then transported In a sub-scanning direction 
indicated by the arrow B by a feed roller 56 after Its transporting direction Is inverted. The recording apparatus 50 
sequentially fomns images on the paper P by repeating a recording operation for ejecting Ink toward a printing area on 

30 the paper P while moving the recording head 20 In the main scanning direction and a transporting operation for trans- 
porting the paper P in the sub-scanning direction a distance equivalent to a recording width. 
[01 1 5] The Ink jet recording head 20 may utilize thermal energy generated by an electrothermal transducer element 
as energy for ejecting ink. In this case, film boiling of Ink is caused by the heat generated by the electrothemial trans- 
ducer element, and ink is ejected from an ink ejection port by foaming energy generated at that time. The method of 

35 ejecting ink from the Inkjet recording head is not limited to such a method utilizing an electrothemial transducer element 
and, for example, a method may be employed in which ink is ejected utilizing a piezoelectric element. 
[0116] At the left end of the moving range of the carriage 53 in Fig. 17, there is provided a recovery system unit 
(recovery process unit) 58 that faces a surface of the ink jet printing head carried by the carriage 53 where an ink 
ejecting portion are fomried. The recovery system unit 58 is equipped with a cap capable of capping the ink ejection 

40 portion of the recording head and a suction pump capable of introducing a negative pressure Into the cap, and the unit 
can perfomis recovery process (also referred to as "suction recovery process") for maintaining a preferable ink ejecting 
condition of the ink jet recording head by introducing a negative pressure in the cap covering the ink ejection portion 
to absoriD and discharge ink through the ink ejection ports. Further, a recovery process for maintaining a preferable Ink 
ejecting condition of the ink jet recording head by ejecting ink towards the cap (also referred to as "ejection recovery 

45 process") may be performed. 

[0117] In the recording apparatus of the present embodiment, ink is supplied to the ink jet recording head 20 from 
the Ink tank 10 carried by the carriage 53 along with the ink jet recording head 20. 

1 .6 Modification 

so 

[01 1 8] At least a part of the inner wall of the containing space S of the ink tank 1 0 may be constituted by a movable 
member 11 such as a flexible film that can be deformed and, alternatively, the entire inner wall may be constituted by 
such a member In such a case, a step of coupling the movable member 11 on an exterior casing 13 can be omitted 
so that the number of parts to be used can be reduced, which contributes to produce a good effect in reducing man- 
55 ufacturing cost. Instead of providing such a deformable member, a member that Is displaced in accordance with the 
volumetric capacity of the containing space S may be provided in a part of the wall. 

[01 1 9] Positions where the ink supply port 1 5 and the communication port 1 6 are to be formed may be set in the ink 
tank 1 0 In advance, and the Ink supply port 1 5 and the communication port 1 6 may be fomied when the ink tank 1 0 is 
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used. What is required for the Ink tank 1 0 is to be able to contain ink. and it is not necessarily required to contain ink 

in advance. 

10120] While a configuration of an ink tank that is Inseparably or separably integrated with a recording head and 
scanned in a mam direction has been described In the above embodiments, the invention may be applied to an ink 
tank that is provided separately from a recording head and that is provided with a unit for supplying ink to the recording 
head through a tube and generating a required negative pressure. 

2. Embodiments of Connection of Ink Tank. One-way Valve, and Recording Head 

[0121] While It Is possible to configure an ink jet cartridge that can be attached to and detached from an ink iet 
recording apparatus by coupling a recording head 20 and a one-way valve 30 with an ink tank 1 0 such that they can 
not be separated from each other, configurations are possible in which both or either of the recording head and one- 
way valve is separable. ' =«ucinuwiic 

[0122] In this section, a description will be made on several embodiments of modes of coupling an Ink tank a one- 
way valve, and a recording head, laiin, aoiie 

2.1 First Embodiment of Mode of Coupling of Ink Tank, One-way Valve, and Recording Head 

[0123] Fig. 18 shows a configuration in which an ink tank 10 and a recording head 20 are coupled such that thev 
cannot be separated from each other and in which the ink tank 1 0 and a one-way valve 30 are separably coupled In 
the present example, it is possible to replace the combination of the ink tank 1 0 and the recording head 20 the one- 
way valve 30 alone, or the resultant ink jet cartridge as a whole with new one. 

[0124] Here, since each of the functional members is replaceable, even if a lessening function would occur while a 
long-temr, use, only the degraded part can be replaced. The maintenance cost can be reduced, accordingly Further 
in the case where the same ink tank 10 is used for a different recording head or recording apparatus, or in the case 
where an using method differs in using the same recording head, the optimum negative pressure value applied to the 
recording head may differ in each case. However, even with the same ink tank 10, the negative pressure value can 
freely set only by replacing the one-way valve 30, which contributes to produce a distinctively versatile system 2 2 
Second Embodiment of Mode of Coupling Ink Tank, One-way Valve, and Recording Head 

[0125] Fig. 19 shows a configuration in which an ink tank 10 and a one-way valve 30 are coupled such that thev 
cannot be separated from each other and in which the Ink tank 1 0 and a recording head 20 are separably coupled In 
the present embodiment, it is possible to replace the combination of the ink tank 10 and the one-way valve 30 the 
recording head 20 alone, or the resultant ink jet cartridge as a whole with new one. A filter 23 may be provided in the 

inK lanK i u, 

[0126] In such a configuration, no specific part is required for enabling a separation between the ink tank 10 and the 
one-way valve 30. Thus, as a whole. It is effective to achieve a cost reduction in manufacturing 
[0127] Alternatively, the ink tank 10 and the recording head 20 may be separably coupled, and the Ink tank 10 and 
the one-way valve 30 may be separably coupled, which makes It possible to replace each of the ink tank 10 the 
recording head 20. and the one^vay valve 30 alone with new one. In this case, the filter 23 may be provided In the ink 
lanK I u. 

[0128] Since the ink tank 1 0 and the one-way valve 30 are configured in a separable manner to each other care Is 
not needed for protecting the one-way valve, which is comparably a precision part, while distributing the ink tank 10 
resulting in realizing a distribution with a simple packaging of the Ink tank. 

2.3 Third Embodiment of Mode of Coupling Ink Tank, One-way Valve, and Recording Head 

[0129] Fig. 20 is a sectional view showing a third embodiment of a mode for coupling an ink tank, a one-way valve 
and a recording head. ' 

[0130] In the present embodiment, a one-way valve 20 is provided integrally with a recording head chip (hereinafter 
also simply refenred to as "recording head") as illustrated. An ink tank Is detachably mounted to the one-way valve 30 
that IS provided integrally with the recording head 20. 

^"^IV oo?.^ "^^^ ^° '"^"'"^ ^ P^"* ^ 22 for holding the recording head 20, and a hollow joint 

needle 238 is mounted to the valve, the needle being in communication with the channel opened and closed or blocked 
by the valve. The one-way valve 30 is primarily constituted by a movable member 231 having a sealing elastic body 
233 mounted on an end thereof and a spring 232 for urging the movable member 231 to operate In the direction of 
closing the valve. Specifically, when the movable member 231 is urged downward in the figure by the spring 232 in 
accordance with a difference between pressures acting on both sides thereof (both sides of the same in the vertical 
direction of the figure), the sealing elastic body 233 abuts on another sealing elastic body 234 provided around a hole 
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serving as an atnnosphere connmunicatlon hole to close the valve. When the pressure difference urges the movable 
mennber 231 upward in the figure and the force is greater than the urging force of the spring 232. the movable member 
231 operates upward to open the valve. 

[01 32] While a needle valve is illustrated as the one-way valve by way of example, a diaphragm valve as described 
5 above may obviously be used. This equally applies to a fourth and later embodiments of modes of connecting an Ink 
tank, a one-way valve, and a recording head. 

[0133] A joint needle 228 for supplying ink is also provided on the recording head holder 22. A hollow in this needle 
is in communication with an ink channel 227 having a filter 225 of the recording head 20. The recording head 20 has 
a plurality of ink ejection ports (not shown). An electrothermal transducer element (not shown) for generating bubble 
10 in ink by generating thermal energy is provided in an ink path (not shown) in communication with each of the ejection 
ports. Ink is supplied from the ink tank to the ink paths through the ink channel 227. 

[0134] Briefly speaking, an ink tank 10 has a flexible movable member 11 that fonns a part of an ink containing 
section thereof and a spring 215 for urging the movable member 11 upward in the figure. This configuration makes it 
possible to generate a negative pressure in a proper range for forming adequate meniscuses at ink ejecting ports of 

'5 a recording head 20 as will be described later with reference to Figs. 21 A, 21 B, and 21 C. Specifically, a space above 
the movable member 11 in the ink tank 10 is covered by an outer casing 13, and an atmosphere communication port 
12 Is provided on the outer casing 13, which makes it possible to exert the atmospheric pressure to the movable 
member 11. The outer casing 13 serves as a shell for protecting the movable member 11 from an external force. The 
movable member 11 of the present embodiment is constituted by a deformable flexible film (sheet member) whose 

20 configuration in a central section thereof Is regulated by a pressure plate 14 and which is defomriable in a peripheral 
section thereof. That is, the urging force of the spring 215 can be transmitted to a relatively large area of the flexible 
film with the pressure plate 14. The movable member 11 has a convex configuration in the central section and a 
trapezoidal side configuration. As apparent from the above, the movable member 11 can be defomned in accordance 
with a change in the amount of ink in the containing space thereof and fluctuations of a pressure in the same. In such 

25 cases, the peripheral section of the movable member 1 1 is expanded and contracted or deformed in a good balance, 
and the centra! section of the moveable member 1 1 moves up and down with a substantially horizontal attitude thereof 
maintained. Since the movable member 11 is thus smoothly defonned (moved), the deformation will cause no shock, 
and It is therefore possible to prevent occurrence of abnormal pressure fluctuations attributable to shock in the con- 
taining space. Even when there is a relatively great change in the pressure or temperature of outside air, it can be 

30 absorbed by the displacement of the movable member as described above. 

[0135] Rubber plugs 1 8 and 1 7 to be connected the joint needle 238 of the one-way valve 30 and the joint needle 
228 for supplying ink respectively are provided at the bottom of the ink tank 10. As a result, the ink containing section 
becomes a completely sealed space to prevent leakage of ink when the ink tank is left alone without being mounted 
in the holder 22. The operation of mounting the ink tank 10 in the holder 22 is carried out by inserting the joint needles 

35 to the respective rubber plugs. As a result of the insertion, air or Ink can be communicated through joint needle holes 
239 and 229 of respective joint needles. 

[0136] As described above, the use of the one-way valve for the introduction of the atmosphere makes it possible 
to introduce the atmosphere from the outside preferably unlike the above-described example of the related art utilizing 
a liquid seal in which problems can occur including leakage of contained ink due to breakage of the liquid seal attrib- 

40 utable to various conditions such as an extremely great difference between air pressures inside and outside the con- 
tainer and a shock or drop that occurs during the handling of the ink tank. In order to fomri meniscus at the liquid seal 
In the example of the related art property, the annular orifice must be designed in accordance of specifications such 
as the capacity of the ink tank in which the liquid seal is used. It is therefore impracticable to use liquid seal units of 
one type in various Ink tanks for general purposes. On the contrary, a one-way valve can be used for ink tanks of a 

45 relatively wide range of specifications because It does not Involve formation of meniscus, although it depends on the 
elastc modulus of the spring used. 

[0137] As described above, for example, when an ink tank and a one-way valve are connected, ink meniscuses are 
fomned at the region of the joint needles in most cases depending on the pressure at that time without any particular 
process for fonning ink meniscuses even if the one-way valve is provided separately from the ink tank, which allows 

50 the valve to operate properly thereafter. Since a one-way valve does not create any particular problem even when It 
is provided separately from an ink tank as thus described, there is no limit on the position of the valve for introducing 
the atmosphere, which makes it possible to improve freedom in designing a recording apparatus. 
[0138] Further, because of the freedom in designing with respect to the position where the valve is disposed as 
descried above, the holder 22 holding the recording head 20 and the one-way valve 30 may be fixed on a carriage of 

55 the ink jet recording apparatus shown in Fig. 17 or may constitute a part of the carriage. That is, an ink jet recording 
apparatus can be configured with a capability of replacing an ink tank alone by using a recording head that has sufficient 
durability with respect to an actual period of use of the apparatus, or by using ink that allows the pertomnance of the 
recording to be maintained for such a period. As a result, the running cost of the apparatus can be substantially limited 
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to the cost required for tank replacement except for the recording medium such as paper. 

(01391 An ink tank in an initial state that is newly put in use is completely charged with ink, and the spring 21 5 is fully 
expanded in an allowable range, in which state a minimum negative pressure or, converseV, a slightly positive pressure 
IS normally considered to exist in the ink containing chamber. However, a high negative pressure may exist when it is 
mounted because of ambient conditions and the state of transportation. In the event that the joint needle 228 of the 
recording head 20 enters the containing space of an ink tank 10 prior to the joint needle 238 of the one-way valve 30 
a great negative pressure in the excess of an ability for holding ink meniscuses formed at the ink ejection ports of the 
recording head may act on the recording head 20 before air is introduced through the one-way valve 30 to provide an 
proper negative pressure, which can cause ink to be sucked from the recording head 20 

[0140] In such a case, an operation may be perfomied to discharge ink through the ejection ports with a suction 
recovery device provided in the recording apparatus after the ink tank is completely mounted However, in order to 
omit such a process and to suppress ink consumption, a configuration is preferably employed in which the joint needle 
238 0 the one-way valve 30 enters the containing space prkjr to the joint needle 228 of the recording head 20 Spe- 
cifically, that IS a configuration in which the joint needle 238 of the one-way valve 30 is made longer than the joint 
needle 228 of the recording head 30 when the joint holes 239 and 229 are provided at the ends of the joint needles 
238 and 228, respectively. In such a configuration, the supply channel in the recording head 20 is formed afterthe Joint 
needle 238 of the one-way valve 30 enters the containing space to provide a proper negative pressure through the 
introduction of air through the one-way valve 30. 

[0141] Figs. 21A.21B.and21Cillustrateadjuslmentofanegativepressurein an inktankassociated with an operation 
of supplying ink from the ink tank that is specifically the ink tank 1 0 shown in Fig. 20. 

[0142] Fig. 21 A shows a state that is reached when a small amount of Ink is consumed from an Initial state of the 
ink tank 10 in which the ink containing space is fully charged with ink. Such Ink consumption results in a decrease In 
the pressure in the containing space in accordance with the space corresponding to the volume of the consumed ink 
and the movable member 11 is displaced downward accordingly. The displacement of the movable member 11 simul- 
taneously causes displacement of the spring 215, and the spring 215 generates an elastic force in accordance with 
the displacement to obtain a state of equilibrium with generating . A negative pressure In the containing space in 
aojordance with the elastk: force in such a state of equilibrium is a negative pressure corresponding to the amount of 
ink at that time. 

[0143] Fig. 21 B shows a state in which further consumption of ink has further displaced the movable member 11 
downward to cause the movable member 11 to reach the maximum downward free displacement That is when ink is 
consumed further in this state, tension acts between the flexible film as the movable member and the section holding 
the same to prevent displacement of the movable member 11 . • 
[0144] When ink is further consumed in this state, a negative pressure is generated which Is In accordance with the 
sum of the elastic force of the spring 215 and the tension (only the tension changes with the amount of ink) When the 
negative pressure exceeds a predetennined value in such a process, the movable member 231 of the one-way valve 
30 IS displaced upward against the elastic force of the spring 232 because of a relationship between the negative 
pressure and the atmospheric pressure to open the valve, and outside air is thus introduced Into the containing space 
through the hole 239 in the joint needle 238. The negative pressure is thus kept at a proper value to supply Ink properly 
during a subsequent ink ejecting operation of the recording head In accordance with the operation, which makes it 
possible to substantially use up the entire ink in the ink tank 10. 

[0145] Asdescribedabove,thepressureinthecontainingspacewillnotdecreasebelowthepredeterminedpressure 
which makes it possible to always keep the negative pressure in the containing space in a predetemiined range and 
allows stable supply of Ink to the recording head 20 to perform a recording operation as desired 
[0146] When air residing in the containing section expands as a result of a reduction in the pressure of the outside 
air or an increase in the ambient temperature, the movable member 11 Is displaced upward. That Is the movable 
member 11 absoibs a pressure change resulting from the expansion of air by being displaced upward in accordance 
with the expansion of the air in the containing space. Therefore, the pressure in the containing space will not increase 
beyond a predetemiined value, and a predetermined pressure is always maintained in the containing space with im- 
proved reliability. Further, the one-way valve 30 remains closed to prevent the ink in the Ink tank 10 from leaking out 
even when air in the containing space thus expands. 

[0147] Since the one-way valve 30 prevents leakage of the ink or air in the ink tank 1 0 to the outside the ink in the 
ink tank 1 0 will not leak out through the communication port 1 6 regardless of the attitude or orientation of the ink tank 
10 in use. Therefore, no particular limit Is put on the attitude of the ink tank 1 0 in use. 

2.4 Fourth Embodiment of Mode of Coupling Ink Tank, One-way Valve, and Recording Head 

[01 48] Fig. 22 is a sectional view showing a fourth embodiment of a mode for coupling an ink tank, a one-way valve 
and a recording head. ' ' 
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[0149] In the present embodiment, an ink tank, a recording head, and a one-way valve are provided as separate 
elements. As shown in the figure, an ink tank 10 is held by a holder 22A on that is integral with a recording heed 20, 
and the recording head 20 along with the holder 22A is mounted on a carriage provided in an ink jet recording apparatus. 
This configuration Is similarto the above embodiment In that a joint needle 238 of a one-way valve 30 and a joint needle 
5 228 for supplying ink of the recording head 20 are respectively Inserted Into rubber plugs 1 8 and 1 7 of the ink tank 10 
when the ink tank 10 is mounted. 

[01 50] The one-way valve of the present embodiment Is also provided separately from the ink tank, which obviously 
provides advantages similar to the advantages described In the above embodiment and which provides another ad- 
vantage as described below with respect to the position in which It is disposed. That is, a one-way valve having a life 
10 longer than the life of a recording head is used as the one-way valve of the present embodiment. Thus, the valve can 
be used even after the recording head is replaced with new one, and it can therefore be used for a period that is 
substantially the same as the life of a recording apparatus. As a result, the running cost of the apparatus can be reduced 
for the one-way valve. 

15 2.5 Fifth Embodiment of Mode of Coupling Ink Tank, One-way Valve, and Recording Head 

[0151] Fig. 23 is a sectional view showing a fifth embodiment of a mode for coupling an ink tank, a one-way valve, 
and a recording head. 

[0152] In the present embodiment, an ink tank and a recording head are formed integrally with each other and are 
20 separate from a one-way valve. As shown in the figure, an Ink tank 1 0 and a recording head 20 are fonned Integrally 
with each other. Specifically, the ink tank 1 0 and the recording head 20 are connected through an ink channel 27 having 
a filter 225 therein . The unit constituted by the ink tank 1 0 and the recording head 20 integral with each other is mounted 
In a holder 22C. A one-way valve 30 Is provided integrally with the holder 22C. In this configuration, only a joint needle 
238 of the one-way valve 30 is inserted into a rubber plug 18 of the ink tank 10 when the ink tank 10 is mounted. 
25 [0153] The one-way valve of the present embodiment is also provided separately from the ink tank, which obviously 
provides advantages similar to the advantages described in the above embodiment and which provides another ad- 
vantage as described below with respect to the position In which It is disposed. For example, when special ink is used 
which can affect the durability of a recording head or ink tank, it is desirable to replace the recording head at the same 
time when the ink tank is replaced because of the consumption of the ink. On the contrary, the one-way valve may be 
30 fixed on a caniage of the ink jet recording apparatus or may constitute a part of the carriage just as in the case of the 
holder 22 in the embodiment according to Fig. 20. That is, a one-way valve having a life longer than the life of the 
recording head is used as the one-way valve of the present embodiment. Thus, the valve can be used even after the 
recording head is replaced with new one, and it can therefore be used for a period that is substantially the same as 
the life of the recording apparatus. As a result, the running cost of the apparatus can be reduced for the one-way valve. 

35 

2.6 Sixth Embodiment of Mode of Coupling Ink Tank, One-way Valve, and Recording Head 

[01 54] Fig. 24 is a sectional view showing a sixth embodiment of a mode for coupling an ink tank, a one-way valve, 
and a recording head. 

40 [0155] As shown in Fig. 24, the present embodiment is different from the above-described three embodiments in 
that a one-way valve 30 Is fixed in a predetemriined position on a recording apparatus; a joint needle 238 and the valve 
30 are connected with a tube 235; and the joint needle 238 Is fixed to a holder 220 in the fomn of a carriage. On the 
contrary, an ink tank 10 and a recording head 20 are fomied integrally with each other, and the resultant integral unit 
is mounted in the holder 22D. The joint needle 238 fixed to the holder 22D is inserted Into a rubber plug 1 8 of the Ink 

^5 tank 1 0 when the unit is mounted. 

[01 56] The one-way valve of the present embodiment is also provided separately from the ink tank, which obviously 
provides advantages similar to the advantages described in the embodiment according to Fig. 20 and which provides 
another advantage as described below with respect to the position In which it is disposed. For example, when a one- 
way valve is used which has high precision and consequently has a relatively large size, it can increase the size of a 

50 recording apparatus when provided on a carriage because the space occupied by the valve increases the size of the 
carriage itself. On the contrary, a valve having high precision can be used without increasing the size of an apparatus 
by providing the one-way valve in a predetemiined position that allows efficient utilization of the space in the apparatus. 
[0157] White the present embodiment utilizing a tube relates to an example in which an ink tank and a recording 
head are integral with each other, it will be apparent from the above description that the embodiment utilizing a tube 

55 is not limited to such cases in which an ink tank and a recording head are integral with each other and may be applied 
to the configurations shown in Figs. 20 and 22 in which they are separate elements. 2.7 Seventh Embodiment of Mode 
of Coupling Ink Tank, One-way Valve, and Recording Head 

[0158] Fig. 25 is an Illustration of a modification of the embodiment according to Fig. 24. 
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p°i?!. ? T""" """^ P^°^'''^ °" '''^ of a channel constituted by tubes 235A and 

2.8 Mechanism for mounting Ink Tanl< or Recording Head 

fn Rn U'in ^ °T ! '"°""ting and fixing an ink tank 1 0 according to the embodiment shown 

K 23 ilVhth Jlir,? """^ ""'"S ^" '"^ ^ ° ^--^-9 to the embodimenrshown 

2.9 Modification 

3. Other Embodiments of Ink Tank Utilizing One-way Valve 

[0166] While an atmosphere communication section or one-way valve is disposed at a side section of an ink t«nk 
that ,s connected to a recording head in the above embodiments the position of those eirentst notlL ^o t^^^ 

an atmosphere communication section is provided on a movable member of an ink tank and in which a melhlirrn 
serving as a one-way valve is disposed In a container that contains an ink tank. mechanism 

3.1 First Embodiment 

the same as that shown in Fig. 9 in configuration and is contained In a container 130 that is subslanUa 1^ thfi^^^^^ 
t at Shown .n Fig^ 1 6. The ink tank of the present embodiment is dWerent from the on ^urS^ n S Vl'Z Tn 

P aTlog"^^^^^^^^^^ ' " '''^'^ '''' '''' ' '''''^ '^-"9h a tank sheet sectirioe a d a preSu 

plate 109 instead of providing a communication port 16 on the same side of a frame 115 where an ink surm^nZ ll 
IS located, in the illustrated embodiment, a container 130 is shown as containing a singll tank Lnd th^L "or of 

mm To TzTshir ' ^° atmos^ere'communStion port 

T^^fL 7^' ^ ^''P^"«l««* °f the ink tank 127 that is reached by filling the ink tank 127 with ink 7 

Z r ' ^'"""^ ' ^^^""9 '"^'""^^ -^^-'-^ « t«"^ containlngTharer 1 30 in 'a po 1 n 

T H "'^'^^P*'^^" °P«"'"9 2. in consideration to the fact that the circumferen^ of the at 

mosphereintroduc,ngopen,ng2musthaveplanarityandanydeviationfromtherelath,apositionalrelatt^^^^^^^ 
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the ink tank 127 and the sealing rubber 1 attributable to contraction or expansion of the tank must be avoided when 
the atmosphere introducing opening 2 is closed by the sealing rubber 1 , the pressure plate 1 09 as a movable member 
having the atmosphere introducing opening 2 is preferably a member in the form of a flat plate that Is rigid enough to 
avoid deformation due to contraction or expansion of the ink tank 1 27. In the present embodiment, a plate-like member 

5 constituted by SUS304 is used as the pressure plate 109. 

[0170] The atmosphere introducing opening 2 is a hole which extends through the section where the tank sheet 106 
and the pressure plate 109 are coupled to establish communication between the inside and outside of the Ink tank 
127, and it Is required to be sized such that ink meniscus can be formed and such that air can be introduced at this 
section when it is spaced from the sealing rubber 1 or when the sealed state Is canceled. Specifically, it preferably has 

10 a size ranging from about 0.01 mm to 2 mm in terms of the diameter. An appropriate size may be chosen in consideration 
to the physical properties such as surface tension and viscosity of the ink to be used and the rigidity and elasticity of 
the tank sheet 1 06. The shape of the atmosphere introducing opening 2 is not limited to the circular configuration, and 
elliptic or polygonal shapes having the above area may be employed without any particular restriction. Referring to the 
sealing rubber 1 that is tightly fitted to the atmosphere introducing opening.2, a member such as a rubber, elastomer, 

15 or elastic resin is preferably used because it must completely seal the atmosphere introducing opening 2 when put in 
contact with the same. When the ink tank 127 is expanded, the sealing rubber 1 1s compressed to some degree by the 
expansion. That is, the sealing rubber 1 is compressed from a predetermined size of the same in an unloaded state 
(uncompressed state). Therefore, an expansion force of the Ink tank 127 and a repellent force resulting from the com- 
pression of the sealing rubber 1 ensure the sealing of the atmosphere introducing opening 2. Further, grease that is 

20 highly resistant to ink is applied to the region around the atmosphere introducing opening 2 where the sealing rubber 

1 and the tank sheet 106 are put in tight contact as occasions demand, which advantageously improves sealing prop- 
erties. 

[0171] A description will now be made on an operation that is perfomned when the amount of ink In the ink tank 127 
is reduced as a result of ink consumption. Fig. 27B illustrates contraction of the ink tank 127 as a result of a reduction 

25 of the internal volume of the same that proceeds with the consumption of ink. The contraction occurs as a result of a 
reduction in the volume of the ink in the ink tank, and the pressure plates 109 as movable members move In the 
directions indicated by the arrows A1 and A2 accordingly. The region of a spring 107 is pushed in the same directions 
as a result of the movement of the pressure plates 1 09, and a repellent force of the spring acts on the ink as a negative 
pressure accordingly. Therefore, the negative pressure to the ink gradually increases as the contraction of the Ink tank 

30 127 proceeds. 

[0172] Further, the force compressing the sealing rubber 1 is gradually reduced as the contraction of the ink tank 
127 thus proceeds, and the elasticity of the mbber returns the mbber to a predetermined initial size. Fig. 27B shows 
a state of the sealing rubber 1 immediately before the rubber is separated from the atmosphere introducing opening 

2 in which the rubber has been expanded to the extremity (the rubber has been returned to the predetemnined Initial 
35 size) during the process. In the same state, the sealing rubber 1 Is not compressed, and an urging force from the Ink 

tank 1 27 starts acting on the sealing rubber 1 . 

[0173] When ink is further consumed thereafter, since the ink tank 127 is tempted to contract, the urging force of the 
ink tank 127 acting on the sealing rubber 1 substantially becomes zero, and the sealing rubber 1 Is instantaneously 
separated from the atmosphere introducing opening 2 as shown in Fig. 27C. At that Instant, air 4 is introduced into the 

40 ink tank 1 27 through the atmosphere introducing opening 2. The introduction of the air 4 increases the internal volume 
of the tank, and the tank sheet 1 06 is thereby expanded outward or in the directions indicated by the arrows B1 and 
82 again to put the atmosphere Introducing opening 2 In contact with the sealing rubber 1 again, which instantaneously 
seals the opening to return it to the state shown in Fig. 27B. In the same state, the level 7a of the ink contained in the 
tank is obviously lower than that in the state in Fig. 27A. The operations of entering the states in Figs. 27B and 27C 

45 are repeated, which makes it possible to always keep the negative pressure in the tank in a predetermined range even 
If the consumption of ink proceeds. Air having substantially the same volume as that of ink consumed through the ink 
jet head is introduced Into the ink tank. This makes it possible to replace the Ink in the Ink tank with the introduced air 
completely and to supply substantially the entire Ink to the head, and the ink in the tank can therefore be efficiently 
consumed. 

50 [0174] Further, since the sealing rubber 1 is provided such that it can expand and contract, any expansion of air in 
the ink tank 127 attributable to an increase in the ambient temperature of the inktank 127 or a decrease in the pressure 
of outside air is quickly absorbed by the expansion of the ink tank 127 through the actions of the spring 107 and the 
movable members 1 09, and the expansion of the ink tank 127 is absorbed by the expanding and contracting operations 
of the sealing rubber 1 . Since this keeps the negative pressure In the ink tank 1 27 unchanged and improves the sealing 

55 between atmosphere introducing opening 2 and the sealing rubber 1, there will be no leakage of Ink through the at- 
mosphere introducing opening 2. 

[0175] The configuration of the present example to provide a mechanism for functioning as a one-way valve within 
the container whk^h contains the Ink tank enhances a reduction in size of the ink tank and the one-way valve as a 
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whole. A utilization of the movable member provided in the ink tank will achieve a reduction of the number of the parts 
to be used for the one-way valve and a cost reduction in manufacturing the same. 

3,2 Second Embodiment 

[0176] Figs. 28A, 28B, and 28C shows an embodiment in which a sealing member as shown in Figs. 27A, 27B, and 
27C is used in a different mode. In this case, a sealing member 311 that can be moved in the direction of contraction 
of an ink tank 127 is provided instead of the sealing rubber 1 in Figs. 27A, 27B, and 27C. As shown in Fig. 28D, the 
sealing member 31 1 is constituted by two discs 31 1 A and 31 1 C formed from a resin material and a shaft311 B connecting 
them. First, the disc 311 A and the shaft 31 1 B are bonded together using a machine screw or adhesive, and the bonded 
element is inserted through a hole 9 provided on a wall of an ink containing chamber 130 from inside. At this time, a 
coil spring 8 that is wound around the shaft 31 1 B is interposed between the disc 31 1 A and the wall of the ink containing 
chamber 1 30. Thereafter, the shaft 31 1 B and the disc 311 C are bonded together using a machine screw or adhesive 
to form the sealing member 311 , and the sealing member 311 is mounted on the wall of the ink containing chamber 
130. The spring constant of the coil spring 8 is set at a value lower than the spring constant of a spring 1 07 in the ink 
tank. While the sealing member 31 1 of the present embodiment is formed from a resin material, this is not limiting the 
invention. For example, it may be fomried from a metal material. 

[0177] In the present example, since the coil spring 8 is used as a member for generating a sealing force, more 
precise controlling of the negative pressure can be achieved and thus better durability is obtainable comparing to the 
case ensuring the sealing ability by using the sealing rubber as shown in Fig. 27A to 27C. 

[01 78] An operation of an ink supplying device of the present embodiment having the above-described configuration 
will now be described. 

[0179] Fig. 28A shows an expanded state of the ink tank 127. An urging force from pressure plates 109 resulting 
from the expansion of the ink tank 127 forces the sealing member 311 to protrude outward from the ink containing 
chamber. At this time, the coil spring 8 is contracted. 

[0180] Subsequently, the state shown in Fig. 28B is entered as a result of Ink consumption. The ink tank 127 contracts 
In the same manner as that described with reference to Figs. 27A, 27B, and 27C, and the pressure plates 1 09 move 
in the directions indicated by the arrows A1 and A2. Concurrently, the sealing member 311 follows the movement of 
the pressure plate 1 09 in the direction indicated by the arrow A2 due to the spring force of the coil spring 8. During this 
operation, an atmosphere Introducing opening 2 is kept sealed by the disc 31 1 A of the sealing member 311 . Since the 
sealing member 311 is a hard fomned part In practice and is capable of moving only a distance equivalent to the length 
of the shaft 31 1 B, the disc 31 1C eventually abuts on an outer wall surface of the ink containing chamber 130, which is 
the state shown in Fig. 28B. This state is substantially the same as the state shown in Fig. 27B for the above embod- 
iment. 

[0181] When ink consumption is continued further, the sealing member311 and the atmosphere introducing opening 
2 are separated from each other to cancel the sealing of the atmosphere introducing opening 2. Then, air is immediately 
introduced through the atmosphere introducing opening 2 as shown in Fig, 28C to increase the intemal volume of the 
tank. As a result, a tank sheet 1 06 expands outward or in the directions indicated by the arrows B1 and B2, and the 
atmosphere introducing opening 2 is Instantaneously sealed by the sealing member 31 1 again to return to the state in 
Fig. 28B. In this state, the level of the contained ink is obviously lower than that in the state shown in Fig. 28A. The 
operations of entering the states in Figs. 288 and 28C are repeated to make it possible to keep a negative pressure 
in the tank in a predetennined range even if ink consumption proceeds. 

[0182] In order to Improve the sealing between the atmosphere introducing opening 2 and the sealing member 311 , 
It is advantageous to apply a rubber sheet on the surface of the disc 311 A of the sealing member 311 that is put in 
contact with the tank sheet 1 06 and to apply grease that Is highly resistant to Ink around the region of the same asso- 
ciated with the. atmosphere Introducing opening 2. 

3.3 Third Embodiment 

[01 83] Fig. 29 shows an embodiment in whfch the spring provided in the ink tank 1 27 is changed from a plate spring 
to a coil spring, the configuration being othenvise the same as that in Fig. 27A. In the present embodiment, an ink tank 
1 27 is contracted and expanded in the same manner as in the first embodiment by a coil spring 6, and a sealing mbber 
1 also operates similariy, which makes it possible to keep a negative pressure in the ink tank 127 In a predetennined 
range. 

[01 84] In the present example, a coil spring is used for a spring to be used in the ink tank 1 27. It is easy for the coil 
spring to follow a displacement in the inclination direction of the pressure plate 1 09. Even if a sealing face of the sealing 
mbber 1 and the pressure plate 1 09 are not in parallel, the pressure plate 1 09 can be in a close contact with the sealing 
face of the sealing rubber 1 with ease, thus enhancing a sealing ability. 
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3.4 Fourth Embodiment 

[0185] Fig. 30 shows an embodinnent in which a part of a tank sheet is bonded to an inner wall of a tank containing 
chamber 130 and in which an ink tank 227 is constituted by a tank sheet 206 which contracts and expands only on 
5 one side thereof. Therefore, the present embodiment involves only one pressure plate 109 to serve as a movable 
member. Further, the spring provided in the ink tank in this case is a conical coil spring 6. The tank sheet 206 contracts 
inward or in the direction indicated by the arrow C as ink is consumed, and the pressure plate 109 simultaneously 
moves inward In the tank to serve as a movable member also In such a configuration. 

[0186] As a result, an atmosphere introducing opening 2 is separated from the sealing rubber 1 to introduce air 

10 through the atmosphere introducing opening 2 in the same manner as described in the first embodiment. The intro- 
duction of air causes the tank to expand outward or in the direction Indicated by the arrow D again, which results in an 
increase in the internal volume of the ink tank 227 to put the atmosphere introducing opening 2 and the sealing rubber 
1 in tight contact with each other again. Those operations are repeated to make it possible to keep a negative pressure 
in the Ink tank in a predetermined range. 3.5 Fifth Embodiment 

15 [0187] In Fig. 31 , an atmosphere introducing opening 1 2 is provided above an ink tank 1 27 having the same config- 
uration as that in the embodiment according to Pigs. 27A, 27B. and 27C, and a sealing rubber for closing the atmosphere 
introducing opening is a sealing rubber 21 that has a conical configuration in a part thereof to be put into contact with 
the atmosphere Introducing opening 12. Such a configuration provides the following advantages. First, since the at- 
mosphere introducing opening 12 is located in an upper part, air introduced through the same passes through ink when 

20 a great amount of ink is present in the tank or when the level 7A of ink is higher than the atmosphere introducing 
opening 12. Therefore, when the amount remaining ink becomes small as a result of ink consumption, air introduced 
through the air introducing opening 12 directly flows to a section where air is accumulated without passing through the 
ink. This makes it possible to prevent bubbling that otherwise occurs when air bubbles pass through ink. The conflg- 
uratioji of the present embodiment is desirable especially when the amount of ink in the ink tank 127 is small because 

25 bubbling of ink has a greater adverse effect in such an occasion. 

[0188] The conical configuration of the sealing rubber 21 allows more reliable sealing than that achievable when the 
atmosphere introducing opening 2 is closed at planar features abutting on each other. 3.6 Sixth Embodiment 
[0189] In Fig. 32, a pressure plate 309 and a coil spring 25 are provided outside an ink tank 327 constituted by a 
tank sheet 306 a part of which is joined to an inner wall of a tank containing chamber and only one side of which 

30 undergoes contraction and expansion. The coil spring 25 is urged in the direction of expanding the ink tank 327 or in 
the direction indicated by the arrow F in the figure. The pressure plate 309 and the coil spring 25 may be joined using 
spot welding similar to the method described with reference to Fig. 11 A, and the pressure plate 309 and the tank sheet 
306 may be joined using heat bonding similar to the method described with reference to Fig. 11B. The inner wall of 
the tank containing chamber 130 and the coll spring 25 may be joined using a known method such as bonding or fitting. 

35 The tank sheet 306 constituting the ink tank 327 contracts inward or in the direction indicated by the an-ow E as ink is 
consumed, and the pressure plate 309 simultaneously moves inward in the tank to serve as a movable member also 
in this case. As a result, an atmosphere introducing opening 2 is separated from a sealing rubber 1 to introduce air 
through the atmosphere introducing opening 2 In the same manner as described in the embodiment according to Fig. 
27A. The introduction of air and an action of the coll spring 25 cause the tank to expand outward or in the direction 

40 indicated by the arrow F again, which results in an increase in the internal volume of the ink tank 327 to put the 
atmosphere introducing opening 2 and the sealing rubber 31 in tight contact with each other again. Those operations 
are repeated to make it possible to keep a negative pressure in the ink tank in a predetermined range. 
[0190] While any of the above embodiments has been described as having a configuration in which a spring as an 
. elastb member is provided inside or outside an ink tank, depending on the rigidity of a film to be used as a tank sheet, 

"^5 it Is not essential to provide an elastic member when the sheet can be contracted and expanded by the rigidity of the 
film without providing the spring. Further, when two pressure plates as movable members are provided in positions 
where they face each other, an elastic member is provided between them. However, this is not limiting the invention, 
and an elastic member may be provided between the mounting position of each movable member outside the sheet 
and an inner wall of an ink containing chamber. 

50 [0191] A sealing member constituted by a rubber or a shaft and a spring that can be displaced in a predetemnined 
range has been referred to as the sealing member of each of the embodiments, it is not essential that the sealing 
. member is constituted by a displaceable elastic member as long as it is configured similariy to a one-way valve which 
can introduce air into an ink tank as an ink containing section at a predetermined pressure and which prevents fluid 
(ink and air) from being leakeded through an atmosphere introducing opening even when the air in the ink containing 

55 section is expanded. Specifically, a wall of the ink tank containing chamber 130 described in each embodiment may 
be used as the sealing member. When such a configuration is used in which the sealing member is not displaced, it 
is more desirable to provide a plurality of movable members as seen in the first, second, and fourth embodiments 
because a movable member having no atmosphere introducing opening can be moved in response to an ambient 
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change when there in air in the tank. 

[0192] In the case of a liquid container according to the Invention having an elastic member for urging a movable 
member and utilizing the elastic member as a sealing member, the sealing member desirably has an elastic force that 
Is smaller than the elastic force of the elastic niember for urging the movable member because this makes it possible 
to increase the amount of ink that can be initially charged when a pressure in the ink tank Is kept equal to or smaller 
than a predetermined value and to allow the movable member to move a certain distance (buffering space) when air 
is introduced Into the tank. 

[0193] While the atmosphere Introducing opening may be provided in any position of the region that constitutes the 
ink containing section except for the ink supply port as a liquid supply port. It is desirable to provide It on a movable 
member when the ink containing section Is also constituted by a rigid movable member as in each of the above- 
described embodiments to allow more stable introduction of air. 

[0194] While configurations in which an ink in one color is contained in a single ink tank have been described above, 
it is obvious that a color ink jet print head can be configured by arranging three or four Ink tanks containing inks in 
different colors in an Ink tank containing chamber and by connecting different groups of nozzles to the ink tanks, 
respectively. For example, when a plurality of ink tanks are contained as shown in Fig. 1 6, partitions may be provided 
between the ink tanks, and members to serve as one-way valves may be provided on the partitions. 

4. Preferred Embodiments of Positioning of Movable Member 

[0195] A description will now be made on preferable configuration for preventing ambient air from entering into an 
ink tank. 

[0196] The description is based on findings on a mechanism of pemneation of a gas through a film as described 
below. 4.1 Mechanism of Penneation of Gas 

[0197] There are two major mechanisms of pemieation of gas molecules through a certain material. One is a mech- 
anism of a capillary, and the other is a mechanism of an activated and diffused flow. The fomier Is a mechanism in 
which a flow occurs though a capillary such as a pin hole and which Is different from the mechanism solved by the 
present invention. On the contrary, the latter is a mechanism that is a flow of gas molecules during the permeation of 
the same through a plastic film having substantially no hole and that is a mechanism to play an important role In the 
present invention. Such a mechanism for an activated and diffused flow will now be described. 
[0198] In the case of an activated and diffused flow, a gas In a first region enters a second region through a film, as 
described below. 

[0199] First, molecules of the gas in the first region are condensed on a surface of the film and are dissolved Into 
the film. The dissolving concentration is proportionate to a partial pressure of the gas in the first region. Thereafter, the 
gas molecules dissolved in the film are driven by a concentration gradient In the film for diffusion toward the second 
region having a lower concentration and are transpired from the film after reaching a surface of the same on the side 
of the second region. That is, the gas molecules penneate through the film through three steps, I.e., dissolution, diffu- 
sion, and desorption. 

[0200] For example, the Invention has been made on an assumption of a situation in which molecules of a gas such 
as oxygen or nitrogen permeate through a flexible material (film) that constitutes a liquid container from a first region 
outside the container to a second region in the container. 

[0201 ] First, let us assume that a gas having a negative pressure exists in the second region in the container. In this 
case, a driving force to cause a gas to penneate from the first region to the second region Is the negative pressure in 
the container and an osmotic pressure of the gas. Since liquid components (e.g., moisture) in the second region are 
assumed to be substantially saturated, there is a difference between concentrations of the liquid components in the 
first and second regions even when there is substantially no difference between partial pressures of the oxygen mol- 
ecules or nitrogen molecules In the first region outside the container and the second region in the container. Therefore, 
the osmotic pressure of the gas is generated as a driving force to cause the gas to permeate from the first region to 
the second region in order to reduce the concentration of the liquid components in the second region. As a result, the 
amount of oxygen molecules or nitrogen molecules that pemieate from the first region to the second region is propor- 
tionate to a difference between pressures In the first and second regions Including the two pressures (the negative 
pressure and the osmotic pressure), the surface area of the film, and the duration of penneation and is inversely 
proportionate to the thickness of the film, as will be described later. 

[0202] Next, let us assume that only a liquid exists In the second region. In this case, a significant difference occurs 
in the desorption mechanism that Is the third step of the mechanism of an activated and diffused flow. Normally, oxygen 
molecules or nitrogen molecules are not so dissoluble in a liquid and are in a saturated state in a liquid during normal 
use. That is, even when gas molecules reach the surface of the film on the side of the second region, the gas molecules 
can not be desorbed from the film because the second region in the liquid is saturated with gas molecules. Therefore, 
the penneation of oxygen molecules or nitrogen molecules is very strongly suppressed when the second region is a 



24 



EP 1 300 247 A2 



liquid. 

[0203] Therefore, what is to be considered to effectively prevent permeation of a gas into a liquid container is a part 
of the container that is located between a gaseous region in the container and an atmospheric region outside the 
container. 

5 [0204] In general, a mechanism of pemieation of a gas through the film is expressed by the following expression. 

Q=G' Ap S t/T 

10 where Q [g] represents the amount of the gas that moves; G [g nrVatrn m^ s] represents a gas permeation coefficient 
specific to a film material; Ap represents a pressure difference between regions separated by the material; S [m^] 
represents the surface area of the film; T (m] represents the thickness of the film; and t [s] represents elapsed time. 
[0205] Among those parameters, Ap represents a pressure difference between a region in a container and a region 
outside the container (ambience) which has a magnitude that is the sum of an osmotic pressure generated by a dif- 

15 f erence between the concentrations of liquid components and a pressure difference generated by a negative pressure 
in the container A negative pressure is maintained in the container to prevent the liquid in the container from leaking 
out. It is difficult to reduce the pressure difference Ap in order to suppress permeation of the gas into the container. An 
increase In the thickness T of the film the film M can deteriorate the function of the film when It is used as a flexible 
member because the flexibility is reduced as a result of an increase in rigidity. 

20 [0206] It is therefore effective to reduce the surface area S of the inner surface of the container in contact with a gas 
existing in the container in order to suppress permeation of the gas into the container. That is, by minimizing contact 
between the flexible member or a mennber that is highly pemieable for a gas and the gas in the container, pemieation 
of the gas into the container through such members can be effectively prevented. The preferable positioning of the 
movable member in the attitude or orientation in use has been achieved based such finding. 4.2 Embodiment of Con- 

25 figuration 

[0207] Fig. 33 is an illustration of a liquid container (ink tank) configured based on the above findings. ^ 
[0208] A space (containing section) SI for containing a liquid L is fomied by a rigid container main body 411 and a 
flexible sheet (flexible member) 412 in a container 410. The sheet 412 is urged downward in Fig. 33 or the direction . 
of expanding the containing space S by a spring 414 through a rigid pressure plate 413. As a result, the containing 

30 section SI Is put under a predetenmined negative pressure. As shown in Fig. 33, in an unused state of the container 
41 0 in which the contained liquid L has not been used at all, the sheet 41 2 is deformed downward in Fig. 33 to maximize 
the containing space 81. The container 410 is used with the sheet 412 located at the bottom thereof, as shown in Fig, 
33. Therefore, the sheet 412 is located downward in the direction of the gravity when the container 41 0 is used. That 
is, the sheet 412 is located lower than the middle of the containing space SI in the direction of the gravity. A liquid 

35 supplying hole 415 is provided at the bottom of the containing space SI , and an atmosphere communication port 416 
is provided at the top of the main body 411 . A space S2 is formed in the container 410 under the sheet 412, and the 
space S2 is exposed to the atmosphere at a communication port 417. 

[0209] In the present embodiment, a one-way valve 430 is mounted on the atmosphere communication port 416 
provided at the top of the main body 41 1 , the one-way valve being an opening/closing mechanism having a spring 421 , 

40 a pressure receiving plate 422, a flexible member 423, and a sealing member 424. The pressure receiving plate 422 
and the flexible member 423 are formed with air holes 422A and 423A respectively, and the spring 421 urges the 
flexible member 423 against the sealing member 424 through the pressure receiving plate 422 to close the air holes 
422A and 423A as shown in Fig. 33. The opening/closing mechanism is opened and closed by a pressure difference 
: existing between the interior of the containing space SI and outside air. Specifically, when a negative pressure in the 

45 containing space SI has not reached a predetennined magnitude, the air holes 422A and 423A are closed as shown 
in Fig. 33 to prevent the introduction of outside air into the containing space SI . When the negative pressure in the 
containing space 81 Is equal to or greater than the predetermined magnitude, the pressure receiving plate 422 and 
the flexible member 423 are displaced downward against the urging force of the spring 414 to open the air holes 422A 
and 423A. Thus, outside air Is introduced into the containing space SI through the air holes 422A and 423A and the 

so atmosphere introducing opening 41 6. 

[021 0] As a result, the negative pressure in the containing space SI is kept in a predetennined range. The magnitude 
of the negative pressure for introducing outside air into the containing space SI can be easily and precisely set by 
changing the strength of the spring 421 . 

[0211] More specifically, the function of the one-way valve 430 is as follows. The following description is on an as- 
55 sumption that ink as the liquid L is contained in the containing space S1 and is supplied to an ink jet recording head 
through the extracting or supplying port 15. The recording head may utilize thermal energy generated by an electro- 
thermal transducer as energy for ejecting ink. In this case, film boiling of ink may be caused by heat generated by the 
electrothemnal transducer, and ink may be ejected from ink ejection ports by foaming energy generated at that time. 
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[0212] When the containing space SI Is sufficiently filled with ink as shown in Fig. 33, an expanding force (a reaction 
force originating from compression) In accordance with the amount of compression and displacement of the spring 
414 in a compressed state acts on the sheet 412 through the pressure plate 413. The direction of the expanding force 
acts downward in Fig. 33 or the expanding direction of the spring 41 4. At this time, a pressure directed inwardly of the 
containing space SI acts in the containing space SI. Specifically, a pressure P1 in the containing space SI has a 
value with a negative sign (a negative pressure) on an assumption that the atmospheric pressure is "0". That Is, the 
negative pressure P1 generated In the containing space SI acts In a direction that is opposite to the direction of the 
force provided by the spring 414. Since the negative pressure P1 thus acts in the containing space SI, a negative 
pressure also acts on meniscuses at ink ejecting nozzles in the recording head, which prevents ink from leaking out 
the ink ejection ports provided on the recording head. 

[0213] In such a state, the air holes 422A and 423A are closed by the sealing member 424 in the valve chamber of 
the one-way valve. The negative pressure PI in the containing space S1 also acts in the valve chamber through the 
communication port 416. The expanding force of the spring 421 also acts in the valve chamber and the expanding 
force acts upward in Fig. 33 or In the expanding direction of the spring 421 . That is, the direction of a pressure exerted 
by the spring 421 in the valve chamber Is the same as the expanding direction of the spring 421 . A pressure P2 in the 
valve chamber required to seal the air holes 422A and 423A with the sealing member 424 is greater than the absolute 
value or magnitude of negative pressure PI . Specif teally, the one-way valve is kept in a sealed state by keeping a force 
originating from the spring 421 and the flexible member423greaterthan the negative pressure PI against which it acts. 
[0214] When ink is further ejected from the recording head to reduce the amount of ink remaining in the containing 
space SI, the negative pressure PI in the containing space SI increases accordingly. Specifically, as a result of a 
reduction in the amount of ink remaining in the containing space SI , the intemal volume of the containing space SI 
that Is an enclosed space Is also substantially reduced, whrch causes the sheet 41 2 to be displaced upward accordingly 
The displacement of the sheet 412 Is accompanied by upward displacement of the pressure plate, which causes the 
compression of the spring 414 to proceed. The progress of the compression of the spring 414 means an increase in 
the expanding force of the same, and this results in an increase in the negative pressure PI in the containing space SI . 
[0215] The Increasing negative pressure PI in the containing space SI eventually balances the pressure P2 In the 
valve chamber of the one-way valve. The one-way valve is kept in the sealed state until that time. Thereafter, the 
negative pressure PI further increases, and the sealing member 424 becomes unable to seal the air holes 422A and 
423A depending on the pressure P2 in the valve chamber. The sealing of the holes Is canceled at that Instant. 
[0216] As a result, the atmosphere flows in through the air holes 422A and 423A, and it is introduced into the con- 
taining space S1 through the communication port 416. The Introduction of the atmosphere increases the volumetric 
capacity of the containing space S1 that has been reduced and conversely decreases the negative pressure PI that 
has been increased, at the same time. As a result of the reduction in the negative pressure PI , the air holes 422 A and 
423A of the one-way valve are sealed by the sealing member 424 again. 

[0217] Thereafter, the change in the negative pressure P1 becomes very small, and the consumption of ink proceeds 
with a substantially constant negative pressure value maintained. The negative pressure PI then increases again, and 
the negative pressure P1 is reduced by canceling the sealing of the air holes 422A and 423A each time the sealing 
member 424 fails to seal them depending on the pressure P2 In the valve chamber. The one-way valve repeats such 
an operation to keep the negative pressure PI In the containing space SI in a predetermined range. Therefore, the 
recording head can use up the ink in the containing chamber S1 while maintaining a stable state of ejection. 
[0218] Thus, in the present embodiment, the negative pressure In the containing space SI balances the force of the 
one-way valve to close the opening as a result of consumption of ink In the containing chamber and, at the Instant 
when the negative pressure in the containing space SI increases as a result of further consumption of ink, the one- 
way valve opens the opening to introduce the atmosphere into the containing space S1 . The introduction of the atmos- 
phere increases the volumetric capacity of the containing space SI and simultaneously reduces the negative pressure 
therein, which causes the one-way valve to close the opening. 

[0219] Figs. 34A, 34B, and 34C are Illustrations for explaining the above-described situation of the container 41 0. 
The one-way valve 430 is schematically shown In those illustrations. 

[0220] As shown in Fig. 34A, the container 41 0 is used In an attitude or orientation in which the sheet 412 is located 
downward in the direction of the gravity. When the liquid L in the container 410 Is supplied to the outside through the 
liquid supplying port 415, the sheet 41 2 is first defonned upward against the urging force of the spring 41 4 in accordance 
with the amount of the supplied liquid L as shown in Fig. 34B, and the volume of the containing space SI is decreased 
with the negative pressure kept unchanged. In Fig. 34B, the sheet 412 is defonmed upward to the extremity, and a 
buffer area is provided in the fomi of such a reduction in the volume of the containing space SI that is accompanied 
by the defonnatlon of the sheet 412. The buffer area Is an area for absorbing fluctuations of the pressure In the con- 
taining space S1 accompanied by the defomnation of the sheet 412. Fluctuations of the pressure in the containing 
space S1 are attributable to thennal expansion of a gas (air) in the containing space SI. 

[0221] When the liquid L In the container 41 0 is further supplied to the outside, air is Introduced through the atmos- 
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phere communication port 41 6 to replace the supplied liquid L without any further deformation of the sheet 41 2 in which 
the buffer area has been provided, as shown in Fig. 34C. That is, air is introduced through the atmosphere communi- 
cation port 416 as a result of a reduction in the pressure in the containing space SI attributable to the supply of the 
liquid L to maintain the negative pressure in the containing space S1 . 

5 [0222] Thus, the container 41 0 supplies the liquid L to the outside from the unused state shown in Fig. 34A in which 
the liquid L contained In the containing space SI is not consumed at all until the buffer area is provided as shown in 
Fig. 34B, the supplying operation being accompanied by the deformation of the sheet 412. Thereafter, the liquid L is 
supplied to the outside with air introduced through the atmosphere communication port 416 as shown in Fig. 34C. 
Thus, the liquid L In the containing space SI Is supplied to the outside with stability under a predetermined negative 

10 pressure. 

[0223] Fig. 35 is an illustration of the container 410 In use in which Introduced air has been accumulated in an upper 
part of the interior of the containing space SI . The concentration of the vapor of the contained liquid in the air in the 
containing space S Is near saturation, and the vapor concentration Is greatly different from the vapor concentration of 
outside air. Therefore, an osmotic pressure of a gas as described above Is generated between the region Inside the 

15 containing space S1 where air is present and outside air, and an osmotic pressure acts on the main body 411 in contact 
with the air in the containing space 81 to allow the outside gas to penneate Into the containing space SI as Indicated 
by the arrows in Fig. 35. Further, since the containing space SI has the negative pressure to prevent the liquid L from 
leaking out, there is a pressure difference between the space and the outside. Such a pressure difference between 
the Inside and outside the containing space SI generates a force that can cause an outside gas to permeate into the 

20 containing space SI . The amount of such permeation of the gas is as expressed by the expression presented earlier 
' in the document. 

[0224] In the present embodiment, since the region of the container 41 0 In contact with the gas (air) In the containing 
space SI is the main body 41 1 that Is rigid (inflexible), the pemrieatlon of the outside gas into the containing space SI 
can be prevented by adopting a material having a low gas permeability (e.g., a metal) as the material of the main body 
25 411. 

[0225] As thus described, the flexible sheet 412 is provided downward in the direction of the gravity to prevent an 
osmotic pressure of a gas from acting on the same, which makes it possible to suppress the amount of a gas that 
permeates through the sheet 412 even when a flexible member having a high gas permeability is used as the same. 
Thus, the buffering mechanism accompanied by deformation of the sheet 412 can sufficiently work to absoriD ftuctua- 
30 tions of the pressure in the containing space SI even when the liquid L is stored for a long time, and this consequently 
makes it possible to prevent the leakage of the liquid L and the breakage of the container 41 0. 

4.3 Modification 

35 [0226] It is not essential that a flexible member is provided in the liquid containing section of the liquid container, and 
a configuration Is possible in which the liquid containing section is constituted by a plurality of materials that are different 
in gas pernieabllity and in which a material having a high gas penneabillty is located downward in the direction of the 
gravity when the container is used. The liquid container according to the invention may be used in a wide range as a - 
container for containing various liquids other than ink. 

40 [0227] In stead of providing a flexible member made of a material having higher gas permeability than that of the 
rigid (Inflexible) main body 41 1 downward in the direction of the gravity in the attitude of the same In use, for example, 
as shown in Fig. 36, a flexible member 412' having a multi-layer (e.g., double layer) structure configuration may be 
adopted to allow ink to spread between the layers due to a capillary force or to Insulate regions inside and outside an 
. Ink tank with an ink layer, thereby preventing a gas from entering the tank. This makes it possible to relax limitations 

45 on the attitude or orientation of an ink tank in use and to Increase freedom In designing an Ink tank or recording 
apparatus. In addition, it is possible to prevent a gas from entering an ink tank effectively even in transportation during 
whk:h the ink tank can be in various attitudes. 

5. ink Tank Design Conditions 

50 

5.1 Operating principle of One-way Valve of Another Embodiment of the Invention 

[0228] Fig. 37 shows a liquid container In another embodiment of the invention, the liquid container having an Ink jet 
recording head 520 (hereinafter simply referred to as "recording head) integrally mounted thereto. The liquid container 
55 (hereinafteralso referred to as "Ink container") is generally constituted by two chambers, i.e., an ink containing chamber 
510 in which an ink containing space 51 OA is defined and a valve chamber 530, and the interiors of the two chambers 
are In communication with each other through a communication channel 51 7. Ink to be ejected from the recording head 
520 is charged in the ink containing chamber 510 and is supplied to the recording head 520. 
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[0229] The ejection of ink from the recording head 520 is not limited to any particular method and, for example, 
thermal energy generated by an electrothenmal transducer may be used as energy for ejecting Ink. In this case, film 
boiling is caused in ink by head generated by the electrothermal transducer, and Ink may be ejected through ink ejection 
ports by foaming energy at that time. 

[0230] A movable member 511 that is a movable section Is disposed in a part of the ink containing chamber 510, 
and a space for containing ink is defined between this section and an outer casing 513. A space outside the ink con- 
taining space 51 OA as viewed from the movable member 51 1 or a space on the right-hand side of the movable member 
51 1 in Fig. 37 is exposed to the atmosphere through an atmosphere communication port 61 2 such that it has a pressure 
equal to the atmospheric pressure. Further, a substantially sealed space is fomned in the ink containing space 51 OA 
except for an ink supply port 518 provided at the bottom thereof and the communication channel 517 between the 
valve chamber 530 serving as a valve section and the space. 

[0231] The outer casing 513 defines the ink containing space 51 OA and also serves as a shell for protecting the 
movable member 511 from an external force. The movable member 511 of the present embodiment is constituted by 
a deformable flexible film (sheet member) whose configuration in a central section thereof is regulated by a support 
plate 514 that Is a support member In the fomi of a flat plate and which is defomnable in a peripheral section thereof. 
The movable member 511 has a convex configuration In the central section and has a trapezoidal side configuration. 
As will be described later, the movable member 511 Is deformed in accordance with changes in the amount of ink in 
the Ink containing space 51 OA and fluctuations of a pressure In the same. In such cases, the peripheral section of the 
movable member 51 1 is expanded and contracted or deformed in a good balance, and the central section of the movable 
member 511 undergoes parallel displacement in the horizontal direction of the figure with a substantially vertical attitude 
orientation of the same maintained. Since the movable member 511 is thus smoothly defonned (moved), the deforma- 
tion will cause no shock, and there will be no abnormal pressure fluctuation attributable to shock In the ink containing 
space. 

[0232] In the ink containing space 51 OA, there is provided a spring member 51 5 in the form of a compression spring 
for exerting an urging force that urges the movable member 51 1 to the right in the figure through the support plate 514 
to generate a negative pressure within a range in whfch an ink ejecting operation of the recording head can be performed 
in equilibrium with an ability for holding meniscus fomied at an ink ejecting section of the recording head 520, Fig. 37 
shows a state in which the ink containing section 51 OA is substantially fully charged with ink, and the spring member 
515 is compressed to generate an adequate negative pressure in the ink containing space even in this state. 
[0233] The recording head 520 and the ink containing chamber 510 are coupled by inserting a supply tube 521 
provided on the recording head Into the ink containing chamber 510. This establishes fluidic coupling between them 
to allow ink to be supplied to the recording head 520. A sealing member 524 is mounted around the supply tube 521 
to ensure sealing between the supply tube 521 and the Ink containing chamber 510. A filter 523 is provided In the 
supply tube 521 to prevent any foreign substance present in supplied ink from flowing Into the recording head 620. 
[0234] The valve chamber 530 will now be described. The interior of the valve chamber 530 is in communication 
with the ink containing space 51 OA through the communication channel 517. In the present embodiment, the commu- 
nication channel 517 is fonned using a pipe made of stainless steel having an Inner diameter of 0.2 mm. Further, a 
sealing member 538 made of rubber is mounted around the stainless steel pipe to improve sealing around the com- 
munication channel. 

[0235] In the valve chamber 530, there Is provided a valve closing plate 534 to serve as a valve closing member 
having an opening section 536 that is an element of the one-way valve and a valve sealing member 537 for sealing 
the opening section 536. The valve dosing plate 534 is bonded to a flexible sheet 531 . The opening section 536 extends 
through the valve closing plate 534 and the flexible sheet 531 . A substantially sealing space is maintained also in the 
valve chamber 530 except for the communication channel 517 and the opening section 536. The space above the 
flexible sheet 531 In the figure is exposed to the atmosphere at the atmosphere communication port 512 to have a 
pressure equal to the atmospheric pressure. An outer casing 533 of the valve chamber 530 also serves as a shell for 
protecting the flexible sheet 531 from an external force. 

[0236] The flexible sheet 531 is also deformable at a peripheral region thereof excluding a central section that is 
bonded to the valve closing plate. It has a convex configuration in the central section and a substantially trapezoidal 
side configuration. Such a configuration allows the valve closing plate 534 to be smoothly moved up and down. 
[0237] In the valve chamber 530, there is provided a valve regulating spring 535 as a valve regulating member for 
regulating an opening operation of the valve. The valve regulating spring 535 is somewhat compressed to urge the 
valve closing member 534 upward in the figure utilizing a reaction force against the compression. The function of a 
valve is achieved by expanding and compressing the valve regulating spring 535 to put the valve sealing member 537 
in tight contact with the opening section 536 and to separate them from each other, and a gas is only allowed to be 
introduced into the valve chamber from the atmosphere communication port 532 through the opening section 636 to 
provide a one-way valve mechanism. 

[0238] What is required forthe valve sealing member537 is to seal the opening section 536 with reliability. Specifically, 
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it is required to have a configuration in which at least the part thereof in contact with the opening section 536 securely 
seals the opening, and there is no particular restriction on the quality of the material as long as tight contact can be 
achieved. However, since such tight contact is achieved by the expanding force of the valve regulating spring 535, the 
valve sealing nnember 537 Is more preferably formed from a material that can easily follow the flexible sheet 531 and 
5 the valve closing plate 534 moved by the action of the expanding force, i.e., a shrinkable elastic material such as rubber. 
[0239] An operation of the ink container in the present embodiment having the above configuration will now be de- 
scribed with reference to Figs. 38A to 38E. 

[0240] Fig. 38A shows a state of the same in which the ink containing space is sufficiently filled with ink. In this state, 
since the spring member 51 5 is compressed, an expanding force F1 (a reaction force originating from the compression) 

10 in accordance with the amount of displacement as a result of compression acts on the movable member 511 through 
the support plate 514. Referring to the direction of the expanding force F1 at this time, it acts rightward in Fig. 38A or 
the expanding direction of the spring member 515, and this direction is indicated by a positive sign In the following 
description. At this time, a pressure in the ink containing space 51 OA acts inwardly of the chamber That is, a pressure 
PI acting in the ink containing chamber 51 OA has a value with a negative sign (negative pressure) according to the 

IS above rule for signs on an assumption that the atmospheric pressure Is "0". Therefore, when the surface area of the 
support plate 514 to which the spring member 515 is bonded is represented by S1 , the negative pressure generated 
in the ink containing space at this time can be expressed as follows: 

P1=-F1/S1 Expression 1 

That is, the negative pressure generated in the ink containing chamber is directed opposite to the direction of the force 
provided by the spring member 516. 

[0241] Since the negative pressure thus acts in the ink containing space, the negative pressure PI also acts on 
25 meniscuses at the ink ejecting nozzles in the recording head 520 to prevent leakage of ink from the ink ejecting port 
provided on the recording head 520. 

[0242] In this state, the opening section 536 is sealed by the sealing member 537 in the valve chamber 530. Referring 
to the pressure in the valve chamber 530, the negative pressure PI Is exerted through the communication channel 
. 517 between the chamber and the ink containing space 51 OA. The expanding force of the valve regulating spring 535 
30 acts in the valve chamber 530. Let us indicate the expanding force by "F2". Then, the expanding force F2 acts upward 
in Fig. 38A or the expanding direction of the valve regulating spring 535 and has the positive sign. Let us indicate the 
surface area of the bonding surface of the valve closing plate 534 to which the valve regulating spring 535 is bonded 
by "S2". Then, the direction of the pressure exerted by the valve regulating spring 535 in the valve chamber 530 as a 
. force acting in the valve chamber coincides with the expanding direction of the valve regulating spring 535 and indicated 
35 by the positive sign. When the pressure is represented by "P2", the following relationship exists. 

P2 = F2/S2 Expression 2 

40 [0243] In order for the opening section.536 to be sealed with the valve sealing member 537, the pressure P2 and 
the negative pressure PI must satisfy a relationship expressed by: 

-P1 < P2 Expression 3 

45 

Then, Expression 2 and Expression 3 derive the following relationship: 

- PI < F2/S2 Expression 4 

50 

That is, the one-way valve is kept sealed by maintaining a state in which the force provided by the valve regulating 
.spring 535 and the valve closing plate 534 acting against the negative pressure is greater than the internal negative 
pressure. 

[0244] The ejection of ink from the recording head 520 proceeds to reduce the amount of ink remaining in the ink 
55 containing space 51 OA. and the negative pressure In the ink containing space 510 increases accordingly. 

[0245] Fig. 39 shows a relationship between the negative pressure In the ink containing space 51 OA and the amount 
of ink remaining therein or supplied therefrom. When ink consumption continues, a change from the state in Fig. 38A 
to the state in Fig. 386 occurs. The internal volume of the ink containing space 51 OA that is a sealed space substantially 
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decreases with the amount of ink, which Is accompanied by a leftward movement of the movable member 511 in the 
figure. The support plate 51 4 also moves leftward in accordance with the displacement of the movable member 51 1 , 
and the compression of the spring member 51 5 also proceeds. The progress of the compression of the spring member 
515 means an Increase iii the expanding force F1, and the negative pressure PI also increases from the point a to 
the point b in Fig. 39 according to Expression 1 . 

[0246] When ink consumption further proceeds from the state in Fig. 38B, the movable member 511 is displaced 
leftward further to enter the state in Fig. 38C. This further increases the negative pressure in the Ink container 51 0 to 
change to the point c in Fig, 39. In this state, the negative pressure in the ink container 51 0 balances the force exerted 
by the valve regulating member 534 in the valve chamber 530 to satisfy a relationship expressed by; 

- PI = F2/S2 Expression 5 

[0247] Since the force F2/S2 has a predetemiined value because the state of contact of the valve sealing member 
537 achieved by the pressure of the valve regulating spring 535 has not changed up to this point, when ink consumption 
is continued thereafter to increase the negative pressure further, the force F2/S2 becomes unable to cause the valve 
scaling member 537 to seal the opening section 536 in the valve chamber 530, which results in a relationship expressed 
by: 

- PI > F2/S2 Expression 6 

The relationship indicates the state shown in Fig, 38D and the change in the negative pressure at the point d in Fig. 
39. At the instant when this relationship becomes true, the sealing of the opening section 536 with the sealing member 

637 is canceled. 

[0248] As a result, the atmosphere begins to flow in through the opening section 536 as indicated by the arrow in 
Fig. 38D, and it is further introduced into the ink containing space 51 OA through the communication port 517. The 
introduction of the atmosphere results in an increase in the volumetric capacity of the ink containing space 51 OA that 
has been decreasing and simultaneously results in a decrease in the negative pressure that has been increasing, 
conversely. The decrease in the negative pressure means a return from the state expressed by Expression 6 to the 
state expressed by Expression 5, and the opening section 536 and the valve sealing member 537 are put in tight 
contact with each other again in the valve chamber 530. This results In the state shown in Fig. 38E and a change in 
the negative pressure from the point d to the point e in Fig. 39. 

[0249] From the above description, the following relationship is satisfied according to Expression 1 and Expression 
6 in the valve chamber 530 because the relationship between the negative pressure in the ink containing space 51 OA 
and the pressure urging the valve sealing member in the valve chamber 530 can be expressed as a relationship 
between the magnitudes of the absolute values of the respective pressures although they act in opposite directions. 

IF1I/S1>IF2I/S2 Expression 7 

[0250] When ink is further consumed thereafter, the state in Fig. 38D and the state in Fig. 38E altemate; there are 
very small changes in the negative pressure as shown at the point e and later; and ink is consumed with the negative 
pressure kept at a substantially constant value. That Is, since the state in Fig. 38D and the state in Fig. 38E are thus 
repeated even when ink consumption is continued, there is no unnecessary increase in the negative pressure in the 
Ink containing space 51 OA after a certain amount of ink is consumed, which makes It possible to use up the Ink in the 
ink containing space 510A while maintaining a stable, ejecting condition. 

5.2 Parameter Setting 

[0251 ] It Is apparent from the above that each of the chambers can be easily designed for a desired negative pressure 
because the negative pressure is adjusted based on the balance between the pressures in the ink containing space 
51 OA and the valve chamber 530, respectively. Specifically, the spring expanding forces F1 and F2 depend on the 
state of compression of the springs disposed in the respective chambers, and the expanding forces are determined 
by the spring constants and the distances of displacement caused by the compression (the amounts of displacement 
In the Initial compressed state and the amounts of later displacement) (F = k x x; k and x represent the spring constant 
and the amount of displacement, respectively). Therefore, any desired negative pressure can be obtained by appro- 
priately setting those parameters. The negative pressure can be easily adjusted by setting the surfaces areas 81 and 
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S2 of the support plate and the valve closing plate attached to the springs appropriately. 

[0252] A feature of the invention achieved in the above embodinnent is to provide guidelines for designing an ink 
container In which the four parameters F1 F2, S1, and S2 are appropriately determined based on the relational ex- 
pressions for them derived as described above. 

5 [0253] For example, a technique disclosed in U.S. Patent No. 6,186,620 solves the problems with the technique 
disclosed in Japanese Patent Application Laid-open No. 7-125240 (1995) or Japanese Patent Application Laid-open 
No. 7-1 25241 (1 995) described in the section of the related art, i.e., the problems with a liquid seal. There is disclosed 
a configuration in which a member in the form of a plug urged by a spring is provided in a boss for introducing outside 
air to achieve mechanical sealing. However, there is neither consideration nor suggestion to the above-described 

10 expressions. In this sense, the above-cited Invention still remains in the category of substitution of a mechanical seal 
for a liquid seal and does not provide guidelines for optimization of a design of an ink container unlike the present 
Invention. 

[0254] An ink container can be adequately designed in accordance with guidelines based on the principle of the 
invention that the four parameters F1 , F2, SI , and S2 are appropriately determined in relation to each other 
15 [0255] For example, a discussion will now be made on a relationship expressed by F1 : (S1/S2) x F2 that is derived 
from Expression 1 and Expression 6. 

[0256] Let us assume that the spring force F2 of the valve regulating spring 535 is substantially constant because 
substantially no displacement occurs on the same. Then, a wide range of values of the parameter F1 can satisfy 
Expression 1 to prevent the introduction of outside air when the active area S2 of the force to seal the atmosphere 

20 Introducing opening is small relative to the active area SI of the spring force to generate a negative pressure or when 
S1/S2 is relatively large, and it is therefore assumed that the spring member 515 can be designed with high freedom 
to obtain an initial value of the parameter F1. However, when the parameter F1 is designed with a high initial value, 
the parameter Fl must be changed considerably to introduce outside air by satisfying Expression 6, which results in a 
great increase in the negative pressure in the ink containing space 51 OA. However, the negative pressure in the ink 

25 containing space 51 OA must be an adequate value within a range in which it is in equilibrium with an ability to hold 
meniscuses formed at ink ejection ports to sufficiently prevent leakage of ink from the ink ejecting section and in which 
an ink ejecting operation of a recording head can be perfonned. Therefore, in order to keep the parameter Fl in.the 
adequate range until outside air is Introduced, the spring force F2 of the valve regulating spring 535 must be relatively 
small, which results a risk that the opening section 536 will be easily opened by a shock or ambient change. 

30 [0257] Such a problem can be avoided when the parameters SI and S2 are adequately detemiined. Specifically, 
there is no need for increasing the amount of a change in the parameter Fl required for a transition from a state that 
satisfies Expression 1 to a state that satisfies Expression 6, which increases freedom also in setting the parameter F2 
and makes it possible to effectively prevent unpreferable opening of the opening section 536. 
[0258] The above discussion is merely an example, and it is obvious that each portion must be appropriately designed 

35 taking various conditions into consideration. However this can be accomplished by considering the four parameters 
in relation to each other and can not be accomplished by simply considering the relationship between the magnitudes 
of the parameters PI and P2 that detemriines whether to introduce outside air based on common sense or intuition. 

5.3 Operating Principle of One-way Valve in Still Another Embodiment of the Invention. 

40 

[0259] In the above embodiment of the invention, the spring member 51 5 for generating a negative pressure in the 
ink containing space 51 OA and the spring member 35 and the valve closing plate 534 for generating a force to seal 
the opening section 536 In the valve chamber 530 are provided inside the respective chambers. However, referring to 
modes of utilizing a force exerted by a spring, it is possible to utilize not only a reaction force generated during com- 
45 pression of the same but also a reaction force generated when the spring is expanded. Therefore, each of the springs 
may be disposed outside the respective chamber 

[0260] Fig. 40 shows an embodiment in which the disposing positions of the springs for the ink containing chamber 
and the valve chamber have been moved to the outside of the respective chambers. In this configuration, when ink is 
sufficiently charged, a spring member 545 connected to an ink containing chamber 540 is slightly expanded, and a 

50 valve regulating spring 555 provided In a valve chamber 550 is similarly slightly expanded. 

[0261] In this configuration, a movable member 541 moves leftward in the figure in accordance with the consumption 
of ink in an ink containing space 540A, which results in further expansion of the spring member 545 to displace the 
same. A negative pressure is determined by the amount of displacement at this time. The negative pressure that acts 
in the ink containing space 540A in accordance with the displacement of the spring member 545 at this time is generated 

55 by a force in the contracting direction of the spring member 545, and a contracting force F1 in accordance with the 
amount of displacement as a result of expansion of the spring member 545 (a reaction force originating from the 
expansion which is assumed to have the negative sign) acts on a movable member 541 through a support plate 544. 
Therefore, the negative pressure at this time Is expressed by Expression 8 shown below according to the same rules 
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for signs as those in the above embodiment. 



PI = F1/S1 Expression 8 

[0262] In the valve chamber 555. since the valve regulating spring 555 that is provided between an outer casing 553 
and a valve closing plate 554 exerts a force in the contacting direction of the same, a contracting force F2 in accordance 
with the amount of displacement as a result of expansion of the valve regulating spring 555 acts upward in the figure. 
A pressure in a movable member 551 is expressed by Expression 9 shown below according to the same rules for signs 
as those in the embodiment shown In Fig. 37. 

P2 = -F2/S2 Expression 9 

[0263] Therefore, when an opening section 556 is sealed with a valve sealing member 557 in the valve chamber 
550 or when a relationship expressed by -PI < P2 exists, the following relationship is satisfied. 

-F1/S1 < -F2/S2 

When tight contact between the opening section 556 and the valve sealing member 557 is canceled to introduce outside 
air from an atmosphere communication port 52 through the opening section 556 as a result of progress of ink con- 
sumption, the following relationship is satisfied. 

-F1/S1 > -F2/S2 Expression 10 

Only the directions of the forces exerted by the spring member 545 and the valve regulating spring 555 are different 
from those in the embodiment in Fig. 37, and the directions of the negative pressure in the ink containing space 640A 
and the pressure In the valve chamber 550 are the same as those in the embodiment in Fig. 37. Therefore, Expression 
1 0 can be changed as follows: 



IF1I/S1 >IF2I/S2 Expression 11 

Therefore, the description of the embodiment In Fig. 37 similariy holds true here for the operation of each section that 
occurs as ink consumption proceeds, changes in the negative pressure, and the balance between the pressures in 
the ink containing space 540A and the valve chamber 550. 

[0264] When such a configuration is adopted, since each of the springs is not put in contact with ink, there is no need 
for considering deterioration of the springs attributable to contact between members fonning the springs and ink and 
elution and mixing of foreign substances into ink. This also results in an advantage in that freedom in selecting a 
material for fomitng the springs Is Increased. 

[0265] While an embodiment has been shown in which the springs for the ink containing chamber and the valve 
chamber are both disposed outside the respective chambers, it will be easily understood that the invention can be 
achieved according to the relationship expressed by Expression 1 1 even in a configuration In which the spring for either 
of the chambers is disposed inside the chamber. 

5.4 Area for Buffering Ambient Change 

[0266] In the configurations of the above embodiments in Figs. 37 and 40, ink consumption proceeds from an initial 
state in whkJh ink is sufficiently charged and, at the instant when the negative pressure in the ink containing chamber 
is increased as a result of further consumption of ink in a state in which the negative pressure balances the force 
exerted by the valve regulating member in the valve chamber, the atmosphere begins to flow in through the opening 
section to be introduced into the ink containing space. As a result of the introduction of the atmosphere, the volumetric 
capacity of the ink containing space conversely increases, and the negative pressure decreases to close the opening 
section. 

[0267] For example, in the embodiment in Fig. 37, ink consumption proceeds from the initial state shown in Fig. 38A 
and, after the state in Fig. 38C is entered, the state Jn Fig. 38D and the state in Fig. 38E alternate in accordance with 
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the progress of Ink consumption. That is, the internal volume of the ink containing space 51 OA that is a sealed space 
substantially decreases as the amount of ink decreases from the initial charged state; the operation of introducing 
outside air is enabled after the movable member 511 Is displaced to the position on the left-hand side of Fig. 37; and 
there will be substantially no change In the internal volume of the Ink containing space 51 OA itself thereafter because 

5 the movable member 511 thereafter stays in the vicinity of the position reached by the leftward displacement. 

[0268] Specifically, the liquid container in the embodiment In Fig. 37 has the ink containing chamber 610 In which 
the liquid (Ink) containing space 51 OA is defined and which Includes the movable section (movable member 511) that 
is displaced as ink is supplied from the supply tube 521 and the valve chamber 530 which is provided with the opening 
section 536 for allowing a gas to be introduced into the containing space and the sealing member 537 that is a sealing 

10 member for sealing the same. The liquid container has a configuration in which the volumetric capacity of the containing 
space 51 OA decreases because of displacement of the movable member as a result of ink consumption and In which 
the opening section 536 Is opened to Introduce the gas when the volumetric capacity becomes equal to or smaller than 
a predetermined value (the state In Fig. 38C). The opening section 536 is separated from the sealing member 537 
when the following relationship Is satisfied after the state in Fig. 38C is entered. 

15 

P - P1 > F2/S2 Expression 12 

where F2 represents the urging force for sealing the opening section 536 (the spring force of the valve regulating spring 
20 535); S2 represents the surface area of the surface on which the urging force acts (the surface area of the bonding 
surface of the valve closing plate 534); PI represents the pressure in the containing space 51 OA; and P represents 
the ambient pressure (atmospheric pressure) of the container. 

[0269] Therefore, even if there Is a change in the ambience of the ink tank, e.g., a temperature rise or pressure 
reduction, the air introduced in the containing space is permitted to expand in a quantity equivalent to the volumetric 

25 capacity of the space in the range between the displaced position and the Initial position of the movable member. In 
other words, a space equivalent to the volumetric capacity functions as a buffer area. It Is therefore possible to moderate 
an increase in the pressure as a result of the ambient change, thereby preventing leakage of Ink from the ejection ports 
effectively. Further, since the flexible sheet 531 is pneumatically driven to displace by the movable member 511, no. 
leakage of ink will be caused by the expansion of the ink containing space attributable to a change in the ambience of 

30 the ink tank, e.g., a temperature rise of pressure reduction. 

[0270] Since outside air Is not Introduced until a buffer area is provided as a result of a reduction of the volumetric 
capacity of the ink containing space attributable to supply of the liquid from the initial charged state, no leakage of ink 
occurs even if there is an abrupt change In the ambience or the container is vibrated or dropped until that time. Further, 
the buffer area is not provided in advance In the state in which ink has not been used yet, the ink container can be 

55 compactly configured with high volumetric efficiency. By making the surface area 82 of the surface on which the urging 
force F2 (the spring force of the valve regulating spring 535) for sealing the opening section 536 acts greater than the 
surface area of opening section 536 or the sealing surface of the sealing member 537, sufficient sealing properties 
can be maintained. Furthermore, the above configuration makes It possible to achieve those advantages with a small 
number of components, and it is also possible to achieve stable Introduction of the atmosphere by providing the opening 

40 section 536 for introducing outside air in a part of the movable members (the flexible sheet 531 and the valve closing 
plate 534). 

[0271] A description will now be made on a volumetric capacity that Is preferable as the buffer area providing the 
above-described functions. While the description will be made based on the ink container in the embodiment in Fig. 
37. it equally applies to the ink container in the embodiment in Fig. 40. 

45 [0272] Fig. 41 is an Illustration showing how the volumetric capacity of the Ink containing space 51 OA changes In 
accordance witti amounts of supplied liquid (Ink), amounts of extracted or supplied Ink being shown on the abscissa 
axis of the figure, volumetric capacities being shown on the ordinate axis of the figure. The thick slid line indicates 
changes in the volumetric capacity of the ink containing space, and the broken line indicates changes in the amount 
of air in the ink containing space. 

50 [0273] In the Initial state in which ink has not been extracted yet, the movable member 511 is in a displaced position 
on the right-hand side in Fig. 38A, and the containing space has a maximum volumetric capacity (Vmax). The movable 
member 511 is displaced from this state as a result of extraction of ink, and the volumetric capacity monotonously 
decreases. In this state (which corresponds to the state in Fig. 38B), since air has not been introduced into the container 
yet, no leakage of ink occurs even if there is a change In the ambience. 

55 [0274] When the volumetric capacity decreases to reach a value Vair or when a state corresponding to the state In 
Fig. 38D is reached, the opening section 536 is opened to introduce air in an amount in accordance with the amount 
of extracted ink, and the reduction of the volumetric capacity stops. 

[0275] Thereafter, substantially no change occurs in the volumetric capacity of the ink containing chamber 51 OA 
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itself. That is, since a volumetric capacity equivalent to (Vniax - Vair) is provided as a buffer area, no leakage of Ink 
occurs even if air is introduced. While the ink in the container is difficult to be used up and the volumetric efficiency Is 
reduced if no air is introduced at this time, since the state in Fig. 38D and the state in Fig. 38E alternate in accordance 
with the progress of Ink extraction through the above-described operations, the ink can be effectively used up. 
[0276] A description will now be made on how to set the volumetric capacity Vair of the ink containing space. 
[0277] The maximum amount of air Introduced into the container substantially equals the value Vair as apparent from 
Fig. 41 . The volume V of expansion of the maximum amount of air Vair as a result of depressurization Is expressed as 
follows: 



V=(1/P*) X Vair Expression 13 

where it is assumed that the atmospheric pressure in a substantially nonnal state is 1 atm (absolute pressure) and that 
the atmospheric pressure of the ambience in which the ink container is actually located is P atm. When the value V is 
equal to or smaller than the value Vmax, there will be no increase of the pressure in the container, and the ink will not 
leak out. Therefore, leakage of ink can be prevented by designing the valve such that it opens the opening section 536 
at the atmospheric pressure of the ambience when the volumetric capacity reaches a value Vair that satisfies relation- 
ships expressed by: 



V = (1/P*) X Vair < Vmax Expression 14 



Vair < P* X Vmax Expression 15 

[0278] For example, atmospheric pressures considered lowest in actual ambience in which the ink container can be 
located are as follows where it is assumed that the atmospheric pressure in a substantially normal state is 1 atm. 



Atmospheric pressures 


Ambience 


0.9 atm 
0.8 atm 
0.7 atm 
0.6 atm 


Use at ordinary altitudes without transportation 

Use in ambience with very severe temperature changes 

Transportation by an airplane 

Use at a high altitude of 4000 m or more (e.g., Bolivia and Tibet) 



Therefore, the atmospheric pressure P* may be put as.0.6 atm in order to satisfy all the conditions tor use, for example. 
An optimum configuration can be provided on an assumption that P* = 0.9 atm when the container is used only at 
ordinary altitudes and. is not transported. 

[0279] For example, such data Indicate that the value Vair Is 0.9 x Vmax or less for use only at ordinary altitudes 
and that the volume to start introduction of air may be 90 % of the maximum volumetric capacity. However, it is desirable 
to set the value Vair at 0.8 x Vmax or less and the volurne to start introduction of air at 80 % of the maximum volumetric 
capacity if consideration is to be paid to use in ambience with very severe temperature changes. It is desirable to set 
the value Vair at 0.7 x Vmax or less and the volume to start introduction of air at 70 % of the maximum volumetric 
capacity if consideration is to be paid to transportation by air or use on an airplane. It is desirable to set the value Vair 
at 0.6 X Vmax or less and the volume to start introduction of air at 60% of the maximum volumetric capacity if consid- 
eration is also, to be paid to use at a high altitude of 4000 m or more, 

[0280] Since the required buffering capacity depends on ambience as thus described, it becomes easy to improve 
the ink containing efficiency of the container and to prevent leakage of ink effectively by designing it such that an 
optimum buffer volume can be obtained in accordance with the ambience. 

[0281 ] Expression 7 can be changed as follows according to the Hooke's law where k1 represent the spring constant 
of the spring member 51 5 and XI represents a quantity of displacement from the initial state. 

Ikl X XII / SI > IF2I / S2 Expression 16 

[0282] In the present embodiment, since deformation of the movable member 51 1 is regulated by the spring member 
515 through the support plate 51 4. a change in the volume attributable to the deformation of the movable member 51 1 
is detemriined by displacement of the spring member 515. That is, when the volume of the container changes from 
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Vmax to Vair, if a quantity of displacement XI satisfying Expression 16 also satisfies expression 17 below, the vatve 
is opened to introduce outside air always after the spring member 51 5 is displaced by a quantity of displacement Xair 
or more where Xair represents a quantity of displacement of the spring member 515. 

5 

XI > Xair Expression 17 

Therefore , by configuring the valve regulating spring 535 and the spring member51 5 such that a relationship expressed 
by Equation 18 is satisfied, no leakage of the liquid occurs because the valve Is opened due to an increase in the 
10 negative pressure after a volume equal to or greater than a predetermined buffer volume is made available as a result 
of deformation to introduce outside air. 

Ikl X Xalrl / S1 > IF1I / S2 Expression 18 

15 

6.5 Another Embodiment of Fonnation of Buffer Area for Ambient Changes 

[0283] The configuration of an Ink container for forming a preferable buffer area is not limited to configurations having 
a valve chamber as in the above embodiments in Figs. 37 and 40, and various configurations may be employed. 

20 [0284] Fig. 42A is a schematic sectional view showing another embodiment of such an ink container. A movable 
member 561 constituted by a flexible film (sheet member) that defines an ink containing space is provided in an outer 
casing 563 of the container, and the movable member 561 is urged by a spring member 565 through a support plate 
564 such that the containing space has a maximum volumetric capacity in a normal state. An opening section 592 of 
an ink containing space 560A provided on the outer casing 563 is sealed by a valve 590 that is a sealing unit urged 

25 by a valve regulating spring 595. 

[0285] Fig. 44B shows a state in which Ink of a volume (Vmax - Vair) has been extracted from a supply port 568 XOx 
reduce the volumetric capacity of the containing space to a volume Vair. At this time, as a result of deformation of the. 
movable member 561 , the support plate 564 is put in contact with the valve 590 to displace the valve 590 against the 
urging force of the valve regulating spring 595, thereby allowing the opening section 592 to be opened. Specifically, a 

30 buffer area is provided which is the range from the initial position of the movable member 561 indicated by the broken- 
line In the figure to the position of the same indicated by the solid line at the instant when the support plate 564 comes 
into contact with the valve 590. In other words, the support plate 564 corties into contact with the valve 590 to allow 
the opening section 592 to be opened after a predetermined buffering capacity is provided. 

[0286] Fig. 43A shows state in which the support plate 564 presses the valve 590 downward as a result of further 
35 extraction of ink to instantaneously open the opening section 592, thereby Introducing air into the ink containing space 
560A. Fig. 438 shows a state in which the support plate 564 and the valve 590 are separated from each other. Spe-. 
cifically, the Introduction of air as shown In Fig. 43A has moderated an Internal negative pressure to reduce the force 
that displaces the support plate 564 downward, which causes slight upward displacement of the support plate 564 to 
separate the support plate 564 and the valve 590 from each other and causes the valve 590 to seal the opening section 
40 592 again due to the urging force of the valve regulating spring 595. When Ink Is extracted again thereafter, the support 
plate 564 and the valve 590 contact with each other as shown in Fig. 428 to introduce air as shown in Fig. 43A. Since 
air Is gradually introduced as thus described, the ink in the Ink containing space 560A is gradually replaced by the air 
with a predetermined negative pressure maintained, which makes it possible to use up the ink and to moderate an 
increase in the pressure as a result an ambient change, thereby preventing leakage of ink from an ejection port effec- 
ts tively. 

[0287] Since the valve 564 is mechanically driven to displace by the support plate 564, no leakage of ink will be 
cause by expansion of the ink containing chamber attributable to ambient changes such as a temperature rise or 
pressure reduction. 

[0288] An important feature of the present embodiment is that the opening section 592 is opened only after the 
50 buffering area having the volume (Vmax - Vair) is provided because the opening and closing operations of the vatve 
590 Is regulated by the quantity of displacement of the support plate 564. As a result, air is not introduced when no 
sufficient buffering area is available, and no leakage of ink therefore occurs. The present embodiment is similar to the 
above embodiments in that all operations can be controlled by adequately designing four parameters, i.e., the spring 
force of the spring member 565, the spring force of the valve regulating member 595, the surface area of the support 
55 plate 564, and the surface area of a predetermined part of the vatve 590. This results in a significant advantage in that 
there is no need for making a change in the configuration even if changes in physical properties of ink result in significant 
changes in the viscosity and contact angle of the same. 

[0289] A description will now be made on designing of the four parameters with reference to Fig. 44. Fig. 44 shows 
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a state in which the support plate 564 and the valve 590 contact with each other to introduce air. 

[0290] The support plate 564 is subjected to a force that is the sum of an upward urging force F1 provided by the 

spring member 555 and a downward total pressure P1 x S1 generated when a negative pressure P1 acts on a surface 

area SI of the support plate 564. The valve 590 is subjected to a force that is the sum of an upward urging force F2 

provided by the valve regulating spring 595 and an upward total pressure P1 x S2 generated when the negative 

pressure PI acts on a surface area S2 of the part of the valve 590 that covers the opening section 592, 

[0291] What is required for the valve 590 to be opened is that the force of the support plate 564 urging the valve 590 

Is equal to or greater than the force of the valve 590 sealing the opening section. That is: 

PI X S1 - F1 > F2 + P X S2 Expression 19 

Referring to the negative pressure at that time: 

PI > (F1 + F2) / (SI - 82) Expression 20 

That Is, the spring forces F1 and F2 and the surface areas S1 and S2 of the support plate 564 and the valve 590 may 
be chosen based on the negative pressure to be maintained when the valve is opened to exchange air and the liquid. 
The volume Vair and those parameters may be appropriately detennined taking various conditions into consideration 
just as in the above embodiments. 

[0292] Fig. 45 shows a state in which ink has been neariy used up as a result of extraction through the supply port 
568. At this time, the amount of air that has been introduced into the ink containing space 560A substantially equals 
the volume VaIr, the volume of the deformation of the movable member 561 indicated by hatching serves as a buffer 
to prevent ink from leaking out even if there is expansion of the volume attributable to an ambient change. 

5.6 Generalization of Ink Tank Design Conditions 

[0293] The embodiment in Fig. 37 has a configuration in which the valve chamber 530 is located above the ink 
containing chamber 51 0 in which the ink containing space 51 OA of the ink tank is defined in the attitude or orientation 
of the same in use. However, the positional relationship between an ink containing space and a valve chamber of an 
ink tank may be defined in various ways, and it is desirable to design the ink tank such that the one-way valve operates 
properly to maintain an adequate negative pressure in the ink containing chamber in any case. A description will now 
be made on generalization of design conditions for an ink tank. 

[0294] Fig. 46A shows an Ink tank constituted by an ink containing chamber 610 having a port 61 8 for supplying ink 
to a recording head provided on the bottom thereof in an attitude of the same in use and a valve chamber 630 which 
is in communication with the same in the vicinity of the bottom through a communication channel 61 7. The inkcontaining 
chamber 610 basically has substantially the same configuration as that shown in Fig. 37 in which a movable member 
611 constituted by a deformable flexible film (sheet member) is disposed, the configuration of the same in a central 
section being regulated by a support plate 614 that is a support member in the forni of a flat plate, a peripheral section 
of the same being deformable. In the ink containing space, there is provided a spring member 615 in the form of a 
compression spring that exerts an urging force for urging the movable member 511 downward in the figure through 
the support plate 614 to generate a negative pressure in a range in which it is in equilibrium with an ability for holding 
meniscuses fonned at an ink ejecting section of a recording head 520 and in which an Ink ejecting operation of the 
recording head can be perfomied. 

[0295] The valve chamber 630 is also substantially the same as that shown in Fig. 37, and it is provided with a valve 
closing plate 634 to serve as a valve closing member having an opening section that is an element of a one-way valve 
and a valve sealing member 637 for sealing the opening section, the valve closing plate 634 being bonded to the 
flexible sheet 631. In the valve chamber 630, there is provided a valve regulating spring 635 as a valve regulating 
member for regulating an opening operation of the valve. 

[0296] Fig. 46A illustrates an initial state of the ink tank in which the tank has not been used yet, and Figs. 46B to 
46F Illustrate states of the ink tank as a result of the progress of ink consumption. Fig. 47 shows changes in the negative 
pressure as a result of ink consumption, and the points indicated by reference numerals 60a to 60f in the figure cor- 
respond to the states in Figs. 46A to 46F, respectively. 

[0297] In the configuration in Fig. 46A. ink is present in the communrcation channel 617, and meniscus is formed at 
the end of the communication channel 61 7 on the side of the valve chamber 630 due to a capillary force of the com- 
munication channel 617. Therefore, a pressure to hold the meniscus is also taken into consideration when designing 
the ink tank. 
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[0298] It is assumed that in the initial state in which the Ink containing space Is sufficiently filled with ink (Fig. 46A), 
the spring member 615 exerts an expanding force F1 (a reaction force originating from compression) in accordance 
with the amount of displacement as a result of compression to the movable member 611 through the support plate 
614. Referring to the direction of the expanding force F1 at this time, it acts upward in Fig. 46A or In the expanding 

s direction of the spring member 61 5, and the direction is indicated by the positive sign. A pressure in the ink containing 
space at this time acts inwardly of the chamber. Specifically, a pressure PT acting in the ink containing space is a value 
having the negative sign (a negative pressure) according to the above-mentioned rules for signs where the atmospheric 
pressure is assumed to be "0" . A negative pressure that is generated in the position of the opening of the commun ication 
channel 617 on the side of the ink containing space at this time can be expressed as follows, SI representing the 

10 surface area of the support plate 614 to which the spring member 615 Is bonded. 

PT = -(F1/S1) + h X p X g Expression 21 

15 where h represents the height to the uppemnost or level of ink in the ink containing chamber from the position of 
meniscus formed at the communication channel 617(m); p represents the density of ink (kg/m^); and g represents 
acceleration of gravitation (m/s^). 

[0299] In this slate, in the valve chamber 630, the opening section Is sealed by the valve sealing member 637. 
Referring lo a pressure in the valve chamber 630, the negative pressure PT acts through the communication channel 
20 617 located between the valve chamber and the ink containing space, and a pressure PM originating from an ability 
for holding the meniscus formed at the communication channel 61 7 also acts. That is, the pressure (negative pressure) 
in the valve chamber 630 is given by: 

25 PV = PT + PM = -(F1 /SI ) -h h X p X 9 + PM Expression 22 

Incidentally, PM has either of positive and negative signs according to the relationship between the negative pressures 
of the ink containing chamber end the valve chamber The value thereof becomes '0' when negative pressures are 
: equivalent. 

30 [0300] The expanding force of the valve regulating spring 635 also acts in the valve chamber 630, and the expanding 
force which is represented here by "F2" acts rightward in the figure or in the expanding direction of the valve regulating 

spring 635 and has the positive sign. Let us Indicate the surface area of the bonding surface of the valve closing plate 
634 to which the valve regulating spring 635 is bonded by "S2". Then, the direction of the pressure exerted by the valve 
regulating spring 635 in the valve chamber 630 as a force acting In the valve chamber is the same as the expanding 
35 direction of the valve regulating spring 635 and indicated by the positive sign. Therefore, when the pressure is repre- 
sented by "P2", the following relationship exists. 

P2 = F2/S2 Expression 23 

40 

In order for the opening section 636 to be sealed with the valve sealing member 637, the pressure P2 and the negative 
pressure PV in the valve chamber must satisfy a relationship expressed by: 

-PV<P2 Expression 24 

Then, Expressions 22 to 24 derive the following relationship: 

3^ PV = (F1/S1) - hxpxg - PM < F2/S2 Expression 25 

That is, the one-way valve is kept sealed by maintaining a state in which the force provided by the valve regulating 
spring 635 and the valve closing plate 634 acting against the negative pressure in the valve chamber is greater than 
the negative pressure. In other words, the one-way valve is kept sealed by maintaining a state in which the force 
55 provided by the valve regulating spring 635 and the valve closing plate 634 acting against the negative pressure is 
greater than the negative pressure in the valve chamber detennined by the negative pressure in the ink containing 
chamber, the pressure corresponding to the depth from the uppermost or level of ink in the ink containing chamber to 
the position of the meniscus fomied at the communication channel 617, and the pressure originating from the ability 
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for holding the meniscus fomned at the communication channel 617. 

[0301J The ejection of Ink from the recording head proceeds to reduce the amount of Ink remaining In the Ink con- 
taining space, and the negative pressure In the ink containing space increases accordingly. 

[0302] Fig. 46B and the reference numeral 61b in Fig. 47 indicate a state in which displacement equivalent to a 
5 buffering area has occun-ed and in which the negative pressure PT in the Ink containing chamber increases and the 
depth h decreases to Increase the negative pressure PV In the valve chamber. 

[0303] When the negative pressure in the ink containing chamber increases further, air begins to move from the 
valve chamber toward the ink containing chamber as shown in Fig. 46C, but the one-way valve has not been opened 
In this state. Immediately after air begins to move, the meniscus is Instantaneously moved toward the valve chamber 
10 by the capillary force of the communication channel 617, but It is moved back to the ink containing chamber by the 
negative pressure in the ink containing chamber. 

[0304] When the negative pressure increases further to satisfy a relationship expressed by Expression 26 below, 
the one-way valve is opened to allow air to be introduced into the ink containing chamber, thereby moderating the 
negative pressure and moderating displacement of the buffer area although only slightly. This results In the state in 
15 Fig. 46D and the change in the negative pressure at the point 61 d In Fig. 47. 

- PV = (F1/S1) - hxpxg - PM > F2/S2 Expression 26 

20 [0305] The introduction of air decreases the negative pressure that has been Increasing. The decrease in the negative 
pressure means a retum form the state expressed by Expression 26 to the state expressed by Expression 25. 
[0306] While the valve closing plate 634 moves In the closing direction again in the valve chamber 630 (Fig. 46E 
and the point 61 e in Fig. 47), the negative pressure in the valve chamber Is smaller than the value on the right side of 
Expression 22 as long as air is introduced. The opening section and the valve sealing member 637 are eventually put 

25 into tight contact with each other again (Fig. 46F and the point 61f in Fig. 47). Thereafter, air is moved from the valve 
chamber to the Ink containing chamber until the negative pressure In the valve chamber becomes substantially equal 
to the value on the right side of Expression 22, and then the negative pressures In the chambers are substantially 
equivalent. 

[0307] From the above description, the condition for the one-way valve in the valve chamber 630 to be opened is as 
30 expressed by Expression 27 below because the relationship among the negative pressure In the ink containing space, 
the pressure originating from the depth h, the meniscus holding pressure, and the pressure for urging the valve sealing 
member in the valve chamber 630 can be expressed as a relationship anriong the magnitudes of the absolute values 
of the respective pressures. 
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IPVI = (IF1 1/S1 ) - h X p X g - PM > IF2I/S2 Expression 27 



This is a general fonnula of a condition for designing the ink tank such that the one-way valve can properly operate to 
maintain an adequate negative pressure in the ink containing chamber in any case in accordance with various positional 
40 relationships between the Ink containing chamber and the valve chamber in the ink tank. In the configuration shown 
in Fig. 46A, the communication channel 61 7 between the ink containing chamber and the valve chamber extends in 
the horizontal direction . The Expression 27 can be applied to a configuration in which a communication channel toward 
a valve chamber is bent upwardly to reach the valve chamber, for example, by taking account of the height depth from 
a position of a meniscus formed at the communication channel to the ink level in the ink containing chamber 



5.7 Application of General Formula to Various Positional Relationships between Ink Containing Chamber and Valve 
Chamber in Ink Tank 

[0308] The above general condition will now be examined by applying It to various configurations. 
so [0309] First, a case is considered In which the volumetric capacity of the valve chamber 630 Is large in a configuration 
substantially similar to that shown in Fig. 46A. In this case, in order for the one-way valve to be closed, while it is 
strongly desired that the value "IF2I/S2 - IPVI" is great enough to defomi the edge of the valve sealing member, it is 
necessary to introduce a great amount of air to decrease the negative pressure in the valve chamber 
[0310] Fig. 48 is an illustration for explaining the change in the negative pressure in this case, and the negative 
pressure at the time of the introduction of air (solid line) is significantly decreased compared to the change in the 
negative pressure in the case shown in Fig. 46A (broken line). Although the one-way valve is not left open until the 
pressure therein equals to the atmospheric pressure (0) because the negative pressure in the valve chamber becomes 
substantially equal to the negative pressure in the ink containing chamber, it is strongly desired to set the ratio between 
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the volumetric capacities of the valve chamber and the ink containing chamber appropriately In order to prevent the 
pressure from decreasing below the initial value to near the atmospheric pressure. 

[0311] That is, when it is assumed that the valve chamber is completely exposed to the atmosphere, the negative 
pressure in the ink containing chamber when the valve is closed is given as follows, where VV represents the volumetric 
5 capacity of the valve chamber including the communication channel and VT represents the volumetric capacity of the 
ink containing chamber. 

PT = F1/S1 + PM Expression 28 

10 

Therefore, an average negative pressure of both chambers is as follows when the one-way valve is closed. 

(-F1/S1 + PM) X vr/{\n + w) 

15 

That is, what Is required is to set the ratio between the volumetric capacities of the valve chamber and the inkcontaining 
chamber such that the value becomes greater than the initial negative pressure. 

[0312] A case will now be considered in which a valve chamber 730 is provided above an ink containing chamber 
710 with a communication channel 717 provided therebetween as shown in Fig. 49A. In this case, the speed of air 
20 moving in the communication channel 71 7 is higher than the speed of air introduced through an atmosphere commu- 
nication port of the valve chamber 730. In the configuration in Fig. 46A, since air that is a gas is introduced into ink 
that is a liquid, the speed of air moving in the communication channel 617 is lower than the speed of air introduced 
through the atmosphere communication port of the valve chamber 630. 

[031 3] When the above general formula is applied to the case shown in Fig. 49A, since the height h and the pressure 
25 PM are both '0', pressures in the ink containing chamber 710 and the valve chamber 730 are always equal to each 
other on an assumption that there is substantially no pressure loss of air in the communication channel 717. 
[0314] Therefore, as indicated by the solid line in Fig. 49B, there is substantially no phase at which the pressures.in 
the two chambers are uneven when compared to the change in the negative pressure in the case shown in Fig. 46A 
(broken line), and fluctuations of the negative pressure as a result of the opening and closing of the one-way valve are 
30 small. 

[0315] This case is similar to the case described in the above item 5.1 , and designing may therefore be carried out 

taking the relationship among the four parameters F1 , F2, SI , and S2 into consideration. 

[031 6] A case will now be considered in which an ink containing chamber 810 and a valve chamber 830 are connected 
through a communication channel 817 having a large sectional area in a configuration substantially similar to that in 
35 Fig. 46A. 

[031 7] When an atmosphere communication port of the valve chamber 830 is located lower than the communication 
channel 81 7 in the vertical direction, the atmosphere communication port is always in contact with ink, and a negative 
pressure is then to be controlled using a meniscus holding force and spring forces. In this case, there is a risk of leakage 
of ink as encountered in the case of the above mentioned liquid seal. 

40 [0318] When ink consumption proceeds thereafter to reduce the ink level below the atmosphere communrcation port, 
negative pressure control is carried out using only the spring forces because the pressure PM is 0, 
[0319] In the case shown in Fig. 50A, since resistance to the movement of air in the communication channel 81 7 is 
small, there is a small difference between negative pressures in the ink containing chamber and the valve chamber, 
and fluctuations of the negative pressure as a result of the opening and closing of the one-way valve are sniall compared 

45 to the change In the negative pressure (broken line) in the case shown in Fig. 46A, as indicated by the solid line in Fig. 
SOB. When the communication channel 817 is no longer filled with ink, communication is established between the air 
In both chambers, which result in a state similar to that shown in Fig. 49A. 

5.8 Observation on Effects of Vibration on Ink Tank 

50 

[0320] Since a negative pressure to be controlled by a one-way valve is in a range as small as 0 to -200 mmAq 
(about -200 Pa), pressure fluctuations in the excess of the controllable negative pressure may be caused by even slight 
movement of ink or air in the valve attributable to vibration during transportation, which is considered a possible cause 
of undesirable introduction of air due to thus opened valve. 
55 [0321] In this connection, the inventors examined the configuration in Fig. 46A by applying vibration thereto and 
found that the valve chamber was filled with ink with no air introduced therein.. 
[0322] The result seems to originate from the following phenomena. 
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i) Vibration in the Ink containing chamber causes air to move from the valve chamber toward the ink containing 
chamber; 

ii) a relative great negative pressure Is instantaneously generated in the valve chamber; 
III) the negative pressure generates a force that acts to open the one-way valve; 

iv) however, the pressure change attributable to vibration occurs only instantaneously, and ink enters the valve 
chamber from the ink containing chamber before the one-way valve is opened to introduce air to moderate the 
negative pressure in the valve chamber; 

V) the force that acts to open the one-way valve is lost, and the valve is not opened; and 

vi) the above process is repeated until the valve chamber is filled with ink, and the valve chamber has no negative 

pressure when air in the vahfe chamber is eliminated. 

[0323] That is, the one-way valve is not opened even though the negative pressure in the valve chamber increases 
because ink enters before air is introduced. Therefore, in the case of the configuration In Fig. 46A, it is desirable to set 
the sectional dimensions of the communication channel such that the speed of ink entering the valve chamber due to 
the capillary force of the communication channel exceeds the opening speed of the one-way valve. 
[0324] Even when the valve chamber Is filled with ink, the ink returns to the ink containing chamber with introduced 
air if the one-way valve is actuated by an increase in the negative pressure of the ink tank as a whole during use. In 
order for the actuation mechanism of the one-way valve to more effectively work, the atmosphere communication port 
of the valvechamber is preferably located above the end of the conimunication channel on the side of the valve chamber 
In the vertical direction in the attitude or orientation in use. 

[0325] An examination on the case of an extremely large valve chamber provided results similar to those observed 
in the case in Fig. 46A. 

[0326] Next, the configuration in Fig. 49A was examined. In this case, ink will not enter the valve chamber unlike the 
above-described case. Even when there is a movement of ink in the Ink containing chamber, a resultant pressure 
change is absorbed by air present in the valve chamber and an air chamber in the ink containing chamber, the pressure 
change is considered to have small influence on the one-way valve. Further, it is considered that undesirable introduc- 
tion of air can be more effectively prevented by absorbing fluctuations of the pressure of air with the displacement of 
the buffering section. 

[0327] That is, the buffer spring (the spring in the ink containing chamber) can provide a higher pressure absorbing 
effect with the amount of displacement unchanged by making the parameter SI greater than the parameter S2. In 
addition, the buffer spring can be more easily displaced In response to a slight change in the load by making a parameter 
K2 greater than a parameter K1 . 

[0328] Next, the configuration in Fig. 50A was examined. In this case, although ink easily enters the valve chamber, 
the Ink that has entered is then easily returnedto the ink containing chamber conversely, which can result in undesirable 
opening of the one-way valve. 

[0329] It Is therefore strongly desired to set the dimensions of the communication channel such that ink is held in 
the communication channel by a meniscus holding force even when the ink tank is inverted with the communication 
channel located upward in the vertical direction. Specifically, what is required is to make the meniscus holding force 
in the nan^owest portion of the communication channel greater than the gravity of ink In a quantity equivalent to the 
volumetric capacity of the communication channel. 

[0330] An examination was carried out also on the case of a communication channel having an extremely small 
sectional area. In this case, the communication channel is always filled with ink even when a pressure change occurs, 
and a pressure change in an ink containing chamber does not transmit into the valve chamber. However, since the 
actuation mechanism of the one-way valve does not work when the meniscus holding force of the communication 
channel exceeds the range of negative pressure control of the one-way valve, it is strongly desired to make a pressure 
originating from the meniscus holding force at the narrowest portion of the communication channel smaller than F2/S2. 

5.9 Modification 

[0331] Instead of fonning a part of an Inner wall of a space that constitutes an ink containing chamber of an ink 
container as a movable member using a defomiable flexible film as in the above embodiments, the inner wall as a 
whole may be fonned by such a member as long as an adequate buffer area is provided. Further, instead of providing 
such a defomiable member, a member that Is displaced in accordance with the volumetrk: capacity of a containing 
space S may be provided In a part of the container. 

6. Others 

[0332] While the above description has referred to the application of the Invention to an ink tank for supplying ink to 
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a recording head, the invention nnay be applied to a supply section for supplying ink to a pen as a recording section. 
[0333] In addition to various recording apparatus as thus described, the invention may be used in a wide range 
including apparatus for supplying various liquids such as drinking water and liquid flavoring materials and apparatus 
for supplying pharmaceuticals in the medical field. 
5 [0334] In addition to serial scan type apparatus as described above, the invention may be applied to recording ap- 
paratus of various types. For example, the invention may be used to configure a so-called full-line type recording 
apparatus utilizing a long sized recording head extending over the entire length of a recording area of a recording 
medium. 

[0335] The invention, or various aspects or various embodiments of the same as described above makes it possible 

10 to achieve at least one of the followings. 

[0336] In a configuration having a unit for generating a required negative pressure in a section containing a liquid 
(e.g. ink) to be supplied to the outside (e.g., a recording head) and an air Introducing section for allowing air to be 
introduced In accordance with an Increase In the negative pressure in the containing section as a result of the supply 
of the liquid to keep the negative pressure in an adequate range, it is possible to prevent leakage of the liquid such as 

15 ink from the air introducing section in any ambience for use or storage and to maintain stable negative pressure char- 
acteristics regardless of the phase of the consumption of the liquid. Further, since high volumetric efficiency is achieved 
and ink is supplied smoothly in such a state, various advantages can be achieved Including stable printing quality and 
compact designs when used In ink jet recording systems. 

[0337] In order to adjust a pressure in an ink tank or liquid container by introducing a gas, a one-way valve that allows 
20 gas to flow In one direction and disallows fluid (liquid or gas)to flow in the opposite direction may be provided separately 
from the ink tank. It is therefore possible to detennine the disposing position of the one-way valve free from restrictions 
placed by the position in which the ink tank is disposed. 

[0338] As a result, it is possible to provide a negative pressure adjusting mechanism for an ink tank with which 
freedom in designing an Inkjet recording apparatus can be improved. 
25 [0339] Ink contained in an ink tank can be supplied to an ink jet head with a stable negative pressure maintained 
until the ink is used up. Since a sealing member expands/contacts or moves according to a movable member,. no 
leakage of ink occurs even when the ink tank expands as a result of changes in the ambient of the ink tank such. as a 
temperature rise or pressure reduction. 

[0340] According to the invention, the above advantages can be achieved with a small number of components, and 
30 the atmosphere can be stably introduced by providing the atmosphere introducing opening in a part of the movable 
member. 

[0341 ] This makes It possible to always achieve stable characteristics of ejection of ink from an ink jet head and iaiso 
contributes to a reduction of the running cost because ink can be efficiently used. 

[0342] For example, by locating the flexible member or a member having high gas permeability in a low position of 
35 the container in use in the direction of the gravity, it is possible to contain a liquid in a proper state because opportunities 
of application of an osmotic pressure to those members are reduced to suppress permeation of the gas into the con- 
tainer and to supply the contained liquid with stability. 

[0343] When a buffer area is provided as a result of defonnation of the flexible member, it is possible to reliably 
absorb fluctuations of a pressure in the container as a result of a temperature rise with the buffer area which allows a 
40 significant reduction of the amount of a gas that penneates into the container, which consequently makes It possible 
to prevent leakage of the liquid or breakage of the container. In addition, the reduction in the amount of permeation of 
a gas eliminates the need for providing a great buffer area taking the expansion of the permeating gas into consideration, 
which makes it possible to improve the volumetric efficiency of the container accordingly. 

[0344] By providing an opening/closing mechanism for introducing outside air into a container when a negative pres- 
45 sure in the container exceeds a predetemriined value, a predetermined negative pressure can be maintained in the 
container to allow a liquid to be supplied stably. The opening/closing mechanism may have a configuration utilizing a 
valve that is opened and closed by a pressure difference. 

[0345] By maintaining a stable negative pressure in the container until ink in the container Is substantially used up, 
it is possible to supply the ink to the recording apparatus with improved stability and to suppress the running cost by 

50 eliminating waste of ink. 

[0346] It is possible to supply a liquid (e.g., ink) in a liquid container to the outside untlJ it is used up with a negative 
pressure In the container kept at a stable value without any unnecessary increase. Since the introduction of air to 
moderate the negative pressure in the liquid container can be carried out at appropriate timing, any negative pressure 
can be easily set as desired taking various conditions into consideration, which allows setting of a stable negative 

55 pressure with high reliability. Further, since the movable member for acting a force to generate a negative pressure 
and the member for opening and closing the opening for introducing air are controlled by a member having an expand- 
ing/contracting force, it is possible to absoris expansion of a gas introduced in the liquid container attributable to changes 
in the ambience of the liquid container such as a temperature rise or pressure reduction, which eliminates undesirable 
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leakage of the liquid. Outside air is introduced only when there is a change in a predetermined amount from an initial 
position in which the liquid has not been extracted yet, and a space having a volume equivalent to the change serves 
as a buffer area. It is therefore possible to moderate any pressure increase as a result of an ambient change and to 
reliably prevent leakage of the liquid from an extracting section of the destination of the liquid (e.g., an ink ejecting port 
of an ink jet recording head). This also eliminates wasteful consumption of the liquid and contributes to a reduction in 
the running cost. 

[0347] Furthermore, the above advantages can be achieved with a small number of components according to the 
invention. 

[0348] In addition, when the invention is applied to an ink jet recording head, stable ink ejecting characteristics can 
be always achieved to stabilize and improve recording quality. 

[0349] The present invention has been described in detail with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing 
from the invention in its broader aspect, and it is the intention, therefore, in the apparent claims to cover all such 
changes and modifications as fail within the true spirit of the invention. 

[0350] In a configuration having an ink containing portion (10) which is deformable at least in a part (11) thereof, a 
spring (40) for generating a required negative pressure in the container by exerting a force that expands the deformable 
part, and an air introducing section (16) for allowing air to be introduced in accordance With an increase in the negative 
pressure In the container to keep the negative pressure in an adequate range, a one-way valve (30) Is used to prevent 
leakage of ink from a sealed containing space (S) containing ink to the outside and to allow introduction of air into the 
containing space from the outside. As a result, there is provided an ink tank from which no ink leaks out through the 
air introducing section thereof in any ambience for use or storage and which can maintain stable negative pressure 
characteristics regardless of the phase of the consumption of the liquid. 



25 Claims 

1 . A liquid container characterized by comprising: 

a containing portion defining a containing space for liquid; 

a liquid supply portion provided with said containing portion and fomning a liquid supply port for supplying liquid 
contained in said containing portion to the outside; 

a one-way valve arranged on said containing portion for allowing an introduction of gas into said containing 
space from outside, and preventing a leakage of liquid and gas to the outside; and 
a mechanism having a function for keeping or expanding a capacity of said containing space, wherein 
said one-way valve controls a negative pressure in said containing space caused by consumption of liquid in 
said containing portion. 

2. A liquid container as claimed in Claim 1, characterized in that said mechanism includes a movable member 
equipped with at least a part of said containing portion displaceably or defomiably, and an urging means for urging 

^ said movable member in a direction a capacity of said containing space Increases. 

3. A liquid container as claimed in Claim 2, characterized in that said containing space is maintained under negative 
pressure by means of said movable member and said urging means even if a content of gas introduced into said 
containing space increases. 

45 

4. A liquid container as claimed in Claim 3, characterized In that the amount of capacity increased due to deformation 
of said movable member is set to be more than the amount of Increased content of the gas. 

5. A liquid container as claimed in any one of Claim 2 to Claim 4, characterized in that said movable member has 
^0 a film-like flexible member of which center section fomis a projection extending outward of said containing space. 

6. A liquid container as claimed in any one of Claim 2 to Claim 5, characterized in that said urging means has a 
compression spring which urges said movable member in a direction a capacity of said containing space increases. 

55 7, A liquid container as claimed In any one of Claim 2 to Claim 5, where said urging means has a tension spring 
which urges said movable member in a direction a capacity of said containing space increases. 

8. A liquid container as claimed in Claim 5, characterized in that said flexible member, to which is applied a dis- 
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placement nature in a direction a capacity of said containing space increases, is thereby also used as said urging 
means. 

9. A liquid container as claimed in any one of Claim 1 to Claim 8, characterized In that said one-way valve has a 

5 blocking member capable of blocking a communication path leading to said containing space and an urging mem- 

ber producing an urging force for the blocking; said communication path being open against an urging power from 
said urging member if pressure within said containing space becomes less than the predetermined value. 

10. A liquid using apparatus connectable with said liquid container as recited in any one of Claim 1 to Claim 9 and 
^0 using liquid supplied from said containing space. 

11. A liquid using apparatus as claimed in Claim 10, characterized in that a configuration of recording head for 
performing a recording with Ink supplied from said liquid container which contains ink as the liquid. 

12. A recording apparatus comprising means using the liquid using apparatus of said recording head configuration as 
claimed in Claim 1 1 . 

13. An Ink jet head cartridge characterized by comprising: 

20 an ink jet head for ejecting ink; and 

a liquid container, as claimed in any one of Claim 1 to Claim 7, for containing Ink as the liquid to be supplied 
to said ink jet head. 

14. A liquid supplying method for supplying liquid to the outside from a containing portion defining a containing space 
25 for liquid through a supply port fomied on said containing portion, characterized by comprising the steps of: 

providing a one-way valve for allowing an introduction of gas into said containing space from outside, and 
preventing a leakage of liquid and gas to the outside; 

providing a mechanism having a function for keeping or expanding a capacity of said containing space, and; 
30 controlling a negative pressure in said containing space caused by consumption of liquid in said containing . 

portion by said one-way valve. 

15. A liquid supplying method as claimed in Claim 14, characterized in that said mechanism includes a movable 
member equipped with at least a part of said containing portion displaceably or defonnably and an urging means 

35 for urging said movable member in a direction a capacity of said containing space increases, and wherein said . 

containing space is maintained under negative pressure by said movable member and sakj urging means even if 
the content of gas introduced into said containing space increases. 

16. A liquid supplying method as claimed in Claim 15, characterized in that an amount of capacity increased due to 
^ deformation of said moving member is set to be more than the increased amount of content of the gas. 

17. A liquid supply apparatus, characterized by comprising: 

a containing portion which defines a containing space for liquid and includes a liquid supply portion forfomiing 
45 a liquid supply port for supplying contained liquid to the outside and a gas Introduction portion for introducing 

gas from outside into said containing space; 

a mechanism having a function for keeping or expanding a capacity of said containing space; and 
a one-way valve having a gas introducing member mountable on said gas introduction portion in which, in the 
state where said gas introduction member is mounted onto said gas introduction portion, an introduction of 
so . the gas is allowed through said gas introduction portion and a leakage of liquid and gas from said containing 

space to the outside is prevented, and said one-way valve for controlling a negative pressure in said containing 
space caused by consumption of liquid in said containing portion. 

18. A liquid supply apparatus as claimed in Claim 1 7, characterized in that said one-way valve allows an introduction 
55 of gas into said containing space in reply to a difference between the pressure within said containing space and 

the pressure of the ambient air. 

19. A liquid supply apparatus as claimed In Claim 17 or Claim 18, characterized in that said mechanism includes a 
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movable member equipped with at least a part of said containing portion displaceably or deformably and an urging 
means for urging said movable member in a direction a capacity of said containing space increases. 

20. A liquid supply apparatus as claimed in any one of Claim 17 to Claim 19, characterized In that a body of said 
one-way valve is in connection with said gas introduction member through a tube. 

21. A liquid supply apparatus as claimed in Claim 20. characterized in that a buffer container is installed along said 
tube. 

22. A liquid supply apparatus as claimed in any one of Claim 17 to Claim 21 , characterized in that said containing 
portion includes an ink supply portion mountable with an ink communication member communicating with an ink 
flow path of a recording head for ejecting ink. 

23. A liquid supply apparatus as claimed in Claim 22. characterized In that the gas introduction member is mounted 
on said containing portion prior to said ink communication member when the gas introduction member and said 
Ink communication member are mounted thereon. 

24. An Ink tank for said liquid supply apparatus as claimed In any one of Claim 17 to Claim 23, characterized by 
comprising: 

said containing portion for containing ink as the liquid; and 

a mechanism having a function for keeping or expanding a capacity of said containing space. 

25. An Inkjet cartridge, characterized by comprising: 

an ink tank for constituting said liquid supply apparatus as claimed in any one of Claim 1 7 to Claim 21 . said 
ink tank having said containing portion for containing ink as the liquid and a mechanism having a function for 
keeping or expanding a capacity of said containing space; and 

an recording head for ejecting ink supplied from said ink tank through a communicating path, said recording 
head being formed integral with said ink tank. 

An ink jet recording apparatus for performing a recording by ejecting ink onto a recording medium by using said 
ink tank as claimed in Claim 24 and a recording head for ejecting ink supplied by said ink tank, characterized by 
comprising: 



26. 



a holder for mounting said ink tank; 

a one-way valve for allowing communication of fluid flowing into one direction and preventing communication 
of fluid toward the other direction; and 

a flow path being connected with said one-way valve and being open and closed thereby; wherein 
said holder having a member communicating with said flow path and said ink tank having a mounting portion 
capable of detachably mounting said member of said holder, whereby gas is introduceable thereinto through 
said one-way valve and said member of said holder. 

27. An Inkjet recording apparatus as claimed in Claim 26, characterized In that said recording head is formed intearal 
with said holder. ^ 

28. An ink jet recording apparatus for performing a recording by ejecting ink onto a recording medium by using said 
ink jet cartridge as claimed in Claim 25, characterized by comprising: 

a holder for mounting said Inkjet cartridge; 

a one-way valve for allowing communication of fluid flowing into one direction and preventing communication 
of fluid toward the other direction; and 

a flow path being connected with said one-way valve and being open and closed thereby; wherein 
said holder having a member communicating with said flow path and said ink tank of said ink jet cartridge 
having a mounting portion capable of detachably mounting said member of said holder, whereby gas is intro- 
duceable thereinto through said one-way valve and said member of said holder. 

29. A one-way valve for. mounted on a containing portion which defines a containing space for liquid, allowing an 
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introduction of gas from outside to said containing space and preventing a leakage of liquid and gas fronn said 
containing space to the outside, said one-way valve characterized by comprising: 

a hollow gas introduction member for inserting Into said containing space; 
5 a valve chamber communicated with said gas Introduction member and having an opening portion which allows 

an introduction of gas from outside; and 

an opening/closing mennber which Is provided with said valve chamber and urged in the direction said opening 
portion is closed, whereby being activated to open said opening portion if the pressure within said containing 
• space becomes less than the predetennlned value. 

10 

30. A one-way valve as claimed in Claim 29, characterized in that a hollow portion of said gas introduction member 
Is dimensioned in cross-section In such a fashion that a holding force of meniscus of gas-liquid interface fomied 
in said hollow portion becomes smaller than the opening force of said opening portion. 

15 31. A one-way valve as claimed in Claim 29 or Claim 30, characterized in that a length of said gas introduction 
member is set to be a length hard to reach said valve chamber even if liquid moves toward said valve chamber 
due to turbulence of gas-flow upon introduction of gas into said containing space. 

32. A liquid supply apparatus as claimed in Claim 1 7, characterized in that said containing portion is equipped with 
20 a movable member on at least a part thereof, said movable member being displaceable or deformable in accord- 
ance with a supply of liquid to the outside; said gas introduction portion is an opening arranged on said movable 
member; and said one-way valve has a sealing means for pressure sealing said opening and releasing the sealing 
by a displacement or deformation of said movable member caused by the supply of liquid in said containing portion 
to the outside, 

25 

33. A liquid supply apparatus as claimed in Claim 32, characterized in that said seating means has a sealing member 
displaceable within the predetermined range; said movable member, being urged to a direction opposite to a press-^ 
ing direction of said sealing member, travels beyond the predetemnined range where said sealing member dis- 
places, whereby the pressure sealing of said opening is released to introduce the gas into said containing space; 

30 and along with the introduction of the gas, said movable member travels within the predetermined range where 

said sealing member displaces thereby sealing said opening to prevent the leakage of liquid from the opening. 

34. A liquid supply apparatus as claimed in Claim 32 or Claim 33, characterized in that said movable member has 
a flexible member deformable according to a supplying operation of the liquid. 

35 

35. A liquid supply apparatus as claimed In any one of Claim 32 to Claim 34, characterized in that said movable 
member is an-anged on one portion of a wall defining said liquid containing potion and has a flat plate-lllce member 
having rigidity undefomnable by the liquid supply operation from said liquid supply port. 

40 36. A liquid supply apparatus as claimed in Claim 34 or Claim 35, characterized in that said mechanism is has an 
elastic member being joined onto one surface of said movable member and for acting reaction force against dis- 
placement or defomnation of said liquid containing portion along with a supply of liquid from said liquid supply port. 

37. A liquid supply apparatus as claimed in Claim 36, characterized in that said elastic member is formed of spring. 

45 

38. A liquid supply apparatus as claimed in any one of Claim 33 to Claim 37, characterized In that said seating 
member is made of stretchable rubber. 

39. A liquid supply apparatus as claimed in any one of Claim 33 to Claim 37, characterized in that said sealing 
so member is consisted of a shaft body passing through a housing of said liquid apparatus and having a larger diameter 

than the passing hole of said housing at the edge of the outside of said housing, and an urging means for urging 
said shaft body toward the inside of said housing. 

40. A liquid supply apparatus as claimed in any one of Claim 36 to Claim 39, characterized in that two movable 
55 members are arranged at opposing positions of said liquid containing portion, and said elastic member is an^anged 

therebetween. 

41. A liquid supply apparatus as claimed in any one of Claim 32 to Claim 39, characterized in that the opening for 
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introduction of air is provided upward of said liquid containing portion. 

42. A liquid supply apparatus as claimed in any one of Claim 36 to Claim 41 , characterized in that the elastic force 
of said elastic member is larger than that of said sealing member. 

43. An ink jet recording apparatus for perfomiing a recording with a recording head for ejecting ink, characterized by 
comprising: 

a liquid supply apparatus as claimed in any one of Claim 32 to Claim 42 that contains ink to be supplied to 
said recording head as the liquid. 

44. A liquid container as claimed in Claim 2, characterized in that said containing portion has a deformable flexible 
member in a part thereof as said movable member and Is configured so that liquid Is present inside said flexible 
member contacting with the outside space. 

45. A liquid container as claimed in Claim 44, characterized in that said flexible member is positioned lower in the 
gravity direction in use of said liquid container. 

46. A liquid container as claimed in Claim 45, characterized in that said flexible member is positioned lower in the 
gravity direction than a one-half position of said containing portion. 

47. A liquid container as claimed in any one of Claim 44 to Claim 46, characterized in that said flexible member, by 
self-deformation thereof, defines a buffer region which absorbs changes of the inner pressure of said containing 
portion. 

48. A liquid container as claimed in any one of Claim 44 to Claim 47, characterized in that said flexible member is 
positioned at a bottom portion of said containing portion and is deformable. 

49. A liquid container as claimed in Claim 48, characterized in that said flexible member is vertically deformable. 

50. A liquid container as claimed in Claim 44, characterized in that said containing portion is made of a plurality of 
materials having different gas pemieability and the material having larger gas permeability is placed at lower 
position in the gravity direction in use of said liquid container. 

51. A liquid container as claimed in Clairri 44, characterized in that said flexible member Is formed of at least two 
layers and holds the liquid between those layers by capillary force. 

52. A liquid container as claimed in Claim 44, characterized in that the liquid to be contained in said containing portion 
is ink. 

53. A liquid container, characterized by comprising: 

a liquid containing chamber having a movable member defining a containing space of liquid at least in part 
thereof and being defomnable according to a supply of the liquid to the outside, and having a liquid supply port 
for supplying liquid contained therein; and 

a valve chamber communicating with said containing space and having a one-way valve which allows an 
introduction of gas into said containing space form outside and prevents a leakage of liquid and gas to the 
outside from said containing space; wherein 

said liquid containing chamber includes an elastic member for generating an urging force F1 in the direction 
increasing a content of said containing space, and an urging means for receiving the urging force F1 to urge 
said movable member with an area S1 against said direction; 

said valve chamber includes a valve controlling member for generating an urging force F2 in order to control 
an opening operation of said on-way valve, and a closing means for receiving the urging force F2 to close said 
one-way valve by an act of the urging force F2 with an area S2; and 

said one-way valve is configured to be open in order to introduce air from outside, assuming that the pressure 
resulted from the meniscus of the liquid fonned in a communicating portion which makes a communication 
between said containing space and said valve chamber when the liquid is present in said communicating 
portion Is PM. the height between the meniscus and the uppemiost of ink In said containing space Is h. the 
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density of the liquid is p, and the acceleration of gravitation is g, respectively; an absolute value of the negative 
pressure PV = - (F1/S1) + hxpxg + PM acting on said valve chamber satisfies 

5 IPV] > IF2I/S2. 

54. A liquid container as claimed in Claim 53, characterized in that the capacity of said containing space comes to 
lessen in accordance with a displacement of said movable member caused by supply of the liquid, and said one- 
way valve is configured to open to introduce the gas when the capacity becomes lower than the predetermined 

10 value. 

55. A liquid container as claimed in Claim 54, characterized in that a formula; 
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IPVI < IF2I/S2 

is satisfied at an initial condition where the liquid Is generally filled in said containing space. 

56. A liquid container as claimed in Claim 55, characterized in that the capacity of said containing space is always 
20 less than the capacity at the state of the initiating condition thereof, even if the capacity starts to lessen from the 

initiating condition in accordance with the supply of the liquid and becomes less than the predetennined value 
which results in causing an introduction of the gas. 

57. A liquid container as claimed in Claim 56, characterized In that said containing space maintains the capacity 
25 about the predetermined value regardless of the supply of the liquid and the introduction of gas, after the capacity 

starts to lessen from the initiating condition in accordance with the supply of the liquid and becomes less than the 
predetennined value which results in causing the introduction of the gas. 

58. A liquid container as claimed in any one of Claim 53 to Claim 57, characterized in that the dimension of said 
30 communicating portion is set so that the approach velocity of the liquid to said valve chamber by the capillary force 

is larger than the opening velocity of said one-way valve. 

59. A liquid container as claimed in any one of Claim 53 to Claim 58, characterized in that an introduction port for 
gas from outside of said valve chamber is positioned higher in a vertical direction than a valve side end of said 

35 communicating portion in using attitude. 

60. A liquid container as claimed in any one of Claim 53 to Claim 59, characterized in that said communicating portion 
is dimensioned so that a liquid as much as the capacity of said communicating portion can be held by the meniscus. 

40 61 . A liquid container as claimed in any one of Claim 53 to Claim 60, characterized in that said communicating portion 
is dimensioned so that the pressure generated by a force to hold the meniscus is set to be smaller than F2/S2. 

62. A liquid container as claimed in Claim 53, characterized in that said valve chamber is configured to have a 
communication with said containing space at a portion of said liquid containing chamber which retains the intro- 

45 duced gas, and when the following formula 

IF1I/S1 >IF2l/S2 

50 is satisfied, said one-way valve is open to introduce air from outside. 

63. A liquid container as claimed in Claim 62, characterized in that said area S1 is larger than said area S2. 

64. A liquid container as claimed in Claim 63, characterized in that said elastic member and said valve controlling 
55 member, respectively, is formed of springs having a constant of K1 and K2, K2 being larger than K1 . 

65. A liquid container as claimed in any one of Claim 53 to Claim 64, characterized in that said urging means includes 
a plate-like urging member for supporting said movable member which is to be joined therewith. 
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66. A liquid container as claimed in any one of Claim 53 to Claim 65. characterized In that said movable member is 
formed of a flexible sheet. 

67. A liquid container as claimed in any one of Claim 53 to Claim 66, characterized in that said one-way valve includes 
a flexible sheet having an opening for Introduction of gas partially thereon and a sealing member arranged on a 
position opposite to the opening, said closing means having a plate-like valve closing member with an opening 
corresponding to the above opening being joined with said flexible sheet and for urging said flexible sheet in a 
direction the opening is closed by said sealing member due to the urging force F2. 

68. A liquid container as claimed in any one of Claim 53 to Claim 63, characterized in that at least one of said elastic 
member and said valve controlling member is fonned of a spring. 

69. A liquid container as claimed In any one of Claim 53 to Claim 68, characterized in that said containing space is 
substantially sealed except for said liquid supply port and communicating portion to said valve chamber 

70. A liquid container, characterized by comprising: 

a movable member which defines a containing space for liquid and is displaceable according to supply of the 
liquid; 

a liquid supply port for supplying the contained liquid to the outside; and 

a one-way valve having a port capable of introducing gas Into said containing space and a sealing member 
for sealing said port; wherein 

said one-way valve is opened to introduce the gas when a capacity of said containing space starts to decrease 
due to a displacement of said movable member according to supply of the liquid and becomes lower than the 
predetermined value. 

71. A liquid container as claimed in Claim 70, characterized in that , where an area of a acting face of the urging 
force for sealing said port is S2, the urging force is F2, the pressure within said containing space is P1 and the 
environmental pressure is P. said one-way valve is opened when the capacity becomes less than the predetemiined 
value and the following fomiula 



P-P1 > F2/S2 

is satisfied. 

72. A liquid container as claimed In any one of Claim 67 to Claim 71 , characterized in that the area S2 of the acting 
face of the urging force Is larger than an area of said port. 

73. A liquid container having a liquid supply port for supplying the contained liquid to the outside and a valve chamber 
equipped with a one-way valve for allowing an introduction of gas into said containing space from outside and 
preventing a leakage of liquid and gas from said containing space to the outside, said liquid container being gen- 
erally sealed except for said liquid supply port and said one-way valve, characterized by comprising: 

a negative pressure generating means for applying negative pressure to the liquid supply from said liquid 
supply port; and 

a negative pressure controlling means for controlling the negative pressure by introducing the gas, wherein 
said negative pressure controlling means has a function to prevent a discharge caused by an operation tempt- 
ing to discharge liquid and gas to the outside therefrom. 

74. A liquid container, characterized by comprising: 

a movable member which defines a containing space for liquid and is displaceable In accordance with a supply 
of the liquid; 

a liquid supply port for supplying the contained liquid to the outside; 

an opening capable of Introduction of gas into said containing space; and 

a valve body for sealing said opening; wherein, 

said containing space is configured to maintain the capacity thereof about the predetenrnined value regardless 
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of a supply of the liquid and an introduction of the gas, after the capacity of said containing space starts to 
decrease according to the supply of the liquid from the state where said containing space is generally filled 
with the liquid to be lower than the predetemriined value which causes an introduction of gas. 

5 75. A liquid container as claimed in Claim 74, characterized in that, where a maximum capacity of said containing 
space is Vmax and a predetemiined value of the capacity of said containing space when the gas is started to be 
introduced is Vair, the following fomnula 

Vair < 0.9 X Vmax 

is satisfied. 

76. A liquid container as claimed in Claim 74, characterized in that, where a maximum capacity of said containing 
space is Vmax and a predetennined value of the capacity of said containing space when the gas is started to be 
introduced is Vair, the following fomriuta 

Vair < 0.8 x Vmax 

20 

is satisfied. 

77. A liquid container as claimed in Claim 74, characterized in that, where a maximum capacity of said containing 
space is Vmax and a predetennined value of the capacity of said containing space when the gas is started to be 

25 introduced is Vair, the following fomnula 

Vair ^ 0.7 x Vmax 

30 is satisfied. 

78. A liquid container as claimed in Claim 74, characterized in that, where a maximum capacity of said containing 
space is Vmax and a predetennined value of the capacity of said containing space when the gas is started to be 
Introduced is Vair, the following fomriuta 

35 

Vair < 0.6 x Vmax 

Is satisfied. 

40 

79. A liquid using apparatus capable of being joined with said liquid container as claimed in any one of Claim 53 to 
Claim 78, characterized in that liquid supplied from said containing space is used. 

80. A liquid container as claimed in any one of Claim 53 to Claim 70, characterized in that an Ink as a recording 
45 agent is contained as the liquid. 

81 . A recording apparatus utilizing a liquid container as claimed in Claim 80 and perfonning a recording with ink supplied 
from said containing space. 

so 82. An ink jet cartridge, characterized by comprising; 

a liquid container as claimed in Claim 80; and 

a recording head capable of ejecting ink from an Ink ejection port, said recording head being joined with said 
containing space and the ink being supplied from said containing space. 

55 83. A liquid container as claimed in any one of Claim 1 to Claim 9. characterized in that an ink as a recording agent 
is contained as the liquid. 

84. A liquid container as claimed In Claim 83, characterized in that said ink contains pigment as a color material. 
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outside and to allow introduction of air into the contain- 
ing space from the outside. As a result, there is provided 
an ink tank from which no ink leaks out through the air 
introducing section thereof in any ambience for use or 
storage and which can maintain stable negative pres- 
sure characteristics regardless of the phase of the con- 
sumption of the liquid. 
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